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ABSTRACT
Background
Delay in fracture healing is a complex clinical and economic issue for patients and health services.
Objectives

To assess the incremental effectiveness and costs of bone morphogenetic protein (BMP) on fracture healing in acute fractures and
nonunions compared with standards of care.

Search methods

We searched The Cochrane Library (2008, Issue 4), MEDLINE, and other major health and health economics databases (to October
2008).

Selection criteria

Randomised controlled trials (RCTs) and full or partial economic evaluations of BMP for fracture healing in skeletally mature adults.
Data collection and analysis

All clinical and economic data were extracted by one author and checked by another.

Main results

Eleven RCTs, all at high risk of bias, and four economic evaluations were included. Apart from one study, the times to fracture healing
were comparable between the BMP and control groups. There was some evidence for increased healing rates, without requiring a
secondary procedure, of BMP compared with usual care control in acute, mainly open, tibial fractures (risk ratio (RR) 1.19, 95%
CI 0.99 to 1.43). The pooled RR for achieving union for nonunited fractures was 1.02 (95% CI 0.90 to 1.15). One study found
no difference in union for patients who had corrective osteotomy for radial malunions. Data from three RCTs indicated that fewer
secondary procedures were required for acute fracture patients treated with BMP versus controls (RR 0.65, 95% CI 0.50 to 0.83).
Adverse events experienced were infection, hardware failure, pain, donor site morbidity, heterotopic bone formation and immunogenic
reactions. The evidence on costs for BMP-2 for acute open tibia fractures is from one large RCT. This indicates that the direct medical
costs associated with BMP would generally be higher than treatment with standard care, but this cost difference may decrease as fracture
severity increases. Limited evidence suggests that the direct medical costs associated with BMP could be offset by faster healing and
reduced time off work for patients with the most severe open tibia fractures.
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Authors’ conclusions

This review highlights a paucity of data on the use of BMP in fracture healing as well as considerable industry involvement in currently
available evidence. There is limited evidence to suggest that BMP may be more effective than controls for acute tibial fracture healing,
however, the use of BMP for treating nonunion remains unclear. The limited available economic evidence indicates that BMP treatment
for acute open tibial fractures may be more favourable economically when used in patients with the most severe fractures.

PLAIN LANGUAGE SUMMARY
Intervention to improve fracture healing in adults

Broken bones (fractures) that do not heal or unite quickly or completely can result in significant pain and loss of function. This may
affect the person’s ability to work and an associated reduction in their quality of life. There is also a considerable economic burden to
society associated with delayed union (healing) or nonunion of fractures. The intervention tested in this review is bone morphogenetic
protein (BMP). This is produced naturally by the body and it has been shown to play an important role in bone and cartilage formation.
The review set out to find whether BMP applied at the fracture site can help to speed up and improve fracture healing.

The review included 11 trials. All were flawed which means that their results may be biased. Four trials involved people with acute
fractures of the tibia (shin bone). Evidence from these trials showed that BMP may enhance healing of these fractures, and that people
with these fractures when treated with BMP required fewer subsequent procedures. Six trials testing BMP for fractures that had not
healed during first course of treatment (nonunions) showed BMP was neither better or worse at healing than bone grafts. One small
trial found no difference between BMP and done grafts in people whose bone had been cut so in order to treat a healed but misaligned
fracture. Trial participants who received BMP experienced similar adverse effects to those no receiving BMP (infection, hardware failure,
heterotopic bone formation and immunogenic reactions). However, patients given BMP instead of bone autografts will have avoided
problems associated with extraction of the bone from another site in their body.

The review also included four economic evaluations. Three of these found that the costs associated with using BMP, based on one large
trial of acute open tibia fractures, were likely to be higher than standard care treatment without BMP. The difference in costs decreased
with increased fracture severity.

BACKGROUND ture that demonstrates motion at the bony ends and is not com-
pletely healed within six months is considered a nonunion (Limb
Centre 2009). Nonunions can lead to significant pain, inhibition
of function and decreased personal and professional productivity
Description of the condition (i.e. paid and unpaid) (Friedlaender 2004), with the potential for
A fracture is a broken bone. Most fractures heal within 20 weeks ( associated reductions in patients’ health-related quality of life. The
rate of nonunions has been reported to range from 4% to 10%
(Friedlaender 2001; Littenberg 1998). Factors contributing to de-
layed union or nonunion can include: severe comminution (shat-

Littenberg 1998). The time to fracture union depends on a number
of factors, including: severity of injury, presence of an open wound,

number of fracture fragments, associated vascular injury, part of

the bone fractured and method of fracture treatment (Bhandari tered or splintered bone), open fractures, association with tumour,

1999; Bhandari 2001; Dervin 1996). infection, insufficient immobilisation, inadequate blood supply,

A fracture that does not heal in the time expected, as established poor nutrition or chronic disease (Schoelles 2005).

by the clinician, is considered a delayed union. The rate of de- A fracture is considered open when the bone protrudes through

layed unions varies by fracture severity from 16% to 60% for the skin, which increases risk of infection. The estimated inci-

dence of open fractures, based on an epidemiological study con-

to 100% for more severe fractures (Gustilo-Anderson types IIIB ducted from 1988 to 17994 in Edinburgh UK, is 23 per 190’000
and TIIC) (Caudle 1987; Riemer 1995; Sanders 1994). A frac- population per year. Fifty-four percent of open fractures involve

less severe fractures (Gustilo-Anderson types I to IIIA) to 43%
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fractures of the phalangeal (fingers and toes) or tibial (shin bone)
diaphysis (shaft) (Court-Brown 1997). The severity of open frac-
tures are graded using the Gustilo-Anderson system. Grade I (least
severe) is a puncture wound and grade IIIC (most severe) is a large
open wound with an arterial injury necessitating vascular repair.
A higher grade leads to a higher risk of amputation (Caudle 1987;
Riemer 1995; Sanders 1994). In grade IIIB open fractures there
can be up to a 50% infection rate (Bhandari 2001). The severity
of an open fracture is determined by the energy level of impact,
degree of contamination, degree of soft tissue injury, complexity
of fracture pattern and vascular injury (Limb Centre 2009). A crit-
ically sized defect is a defect in a long bone, the size of which in-
evitably leads to a non-union, where the absolute length depends
on the bone.

Fractures resulting from injury place an important economic bur-
den on health and social care systems (Donaldson 2008), as well
as on individuals and employers. In the USA, long bone fractures
are estimated to comprise 10% of all non-fatal injuries and in-
cur the largest proposition of inpatient expenditures on injuries
(Kanakaris 2007; Vyrostek 2004). Treatment of both acute and
nonunion fractures can be expensive, with patients treated for
long-bone fracture nonunion typically submitted to frequent hos-
pital admissions and a number of interventions (Dahabreh 2007;
Kanakaris 2007).

Description of the intervention

Bone morphogenetic proteins (BMPs) may have an important
role in bone and cartilage formation, fracture healing and repair
of other musculoskeletal tissues. Part of the transforming growth
factor beta (TGF-) superfamily, they are proteins secreted by cells,
which serve as signalling agents that influence cell division, matrix
synthesis and tissue differentiation. The cloning of the human
BMP-2 sequence led to the ability to manufacture large quantities
of recombinant human BMP-2 (thBMP-2) for clinical use (Jones
2006).

There are two BMPs clinically available: BMP-7 (also known as
osteogenic protein-1 or OP-1) supplied by Stryker UK, which
uses a bovine collagen carrier in granular form (OP-1 Putty in the
US and Osigraft® in the UK), and thBMP-2 supplied by Wyeth
Research Ltd, which uses a collagen sponge carrier (InFUSE in the
US and InductOs in the UK). These collagen carriers allow slow
release of the BMP over time.

How the intervention might work

In acute fractures, delayed union and fracture nonunions, it is
possible to induce bone at the fracture site to assist healing. Auto-
genous iliac crest bone graft (AICBG), is considered the current
best-practice graft for bone induction (Szpalski 2005) because it
has the three properties required for bone formation; osteogenic-

ity (ability to form bone), osteoconductivity (allow bone to grow
along) and osteoinductivity (bring about bone formation). Since
the bone is taken from the patient, it is both histocompatible and
nonimmunogenic (Arrington 1996). However, there are several
disadvantages to using autogenous bone. Because the graft is taken
from the patient, there is a limited amount of bone available, and
when the patient has had previous bone grafts, the remaining vol-
ume of iliac crest bone may not be sufficient to induce bone at the
fracture site, thus requiring additional bone to be harvested from
other sites, or the use of bone graft substitutes (Jones 2006). Also,
since harvesting bone creates a second surgical site, the use of au-
togenous bone increases operative time and blood loss (Arrington
1996; Dhawan 2002). Morbidity at the donor site has been re-
ported to be common and enduring (Goulet 1997). The most
common morbidities are patient donor site pain and dissatisfac-
tion with donor site appearance (Goulet 1997; Robertson 2001).
The rates and degrees of donor site pain vary, with 18-31% of
patients still experiencing donor site pain 24 months postopera-
tively (Goulet 1997; Sasso 2005). Complications associated with
AICBG include, but are not limited to; donor defect hernias, vas-
cular injuries, nerve injuries, deep infection hematoma, iliac wing
fracture, chronic pain limiting activity, superficial infection, su-
perficial seromas, minor hematomas, dysesthesia and scar unsight-
liness (Arrington 1996; Banwart 1995).

Allograft bone (bone harvested from another person) is sometimes
used as an alternative to AICBG. Allograft bone has osteoconduc-
tive and weak osteoinductive properties. Its level of osteoinductiv-
ity depends on its preparation method. However, use of allograft
bone is associated with an increased rate of infection, greater re-
sorption rate, varying levels of immune response and longer fusion
times compared with autograft bone (Vaccaro 2002). Use of dem-
ineralised bone matrix (DBM) is a further alternative to use of iliac
crest bone as DBM is made from allograft bone and is a composite
of collagen, noncollagenous proteins and growth factors. However,
due to its extensive processing, it is the least immunogenic of the
types of allograft bone (Vaccaro 2002). The morbidities associated
with these alternative interventions, and the limited supply of iliac
crest bone, have led to the development of bone graft substitutes.
BMPs induce bone through two pathways. They recruit mesenchy-
mal cells from surrounding muscle, bone marrow or blood vessels
and either differentiate these cells into osteoblasts to make bone
directly or via cartilage cells which subsequently change into bone
cells. BMPs also help in bone matrix production and vascularisa-
tion. In vivo, multiple BMPs are expressed during bone healing
(Samartzis 2005). BMPs in nonunion fractures are applied to stim-
ulate healing where it has not previously been successful, whereas
in acute fractures, BMPs are used to accelerate fracture healing
and reduce the frequency of secondary interventions (Termaat
2005). BMP is isolated from bovine bone where complementary
DNA encoding human BMP sequences are cloned and expressed
in mammalian cells to yield large quantities of highly purified re-
combinant human BMP. In the operating theatre the BMP-2 is
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mixed and added to the carrier collagen sponge, and BMP-7 to
the carrier collagen granules; the process taking about 15 minutes.
From an economic perspective, it is possible that a proportion or
all of the direct medical costs of fracture treatment using BMP
may be offset by reductions in the subsequent direct medical costs
associated with complications and/ or secondary interventions and
also by earlier return to productive activity. Use of BMP also has
the potential to improve patients’ health-related quality of life
and function by avoiding donor site pain and dissatisfaction with
donor site appearance associated with alternative treatments that
involve bone grafts.

Why it is important to do this review

Given the prevalence of acute and nonunion fractures, it is im-
portant to establish the effectiveness associated with use of BMP
as an adjunct to, or replacement for, current standard treatments.
Given the economic impact of acute and nonunion fractures and
their treatment, and the need for economic decisions on the added
value of adopting BMP in clinical practice, it is also important
to critically evaluate and summarise current evidence on the costs
(resource use) and estimated cost-effectiveness associated with use
of BMP as an adjunct to, or replacement for, current standard
treatments.

OBJECTIVES

1. To assess the incremental effectiveness of BMP for fracture heal-
ing in skeletally mature adults, compared to current standard treat-

ments.

2. To critically appraise and summarise current evidence on the
(incremental) resource use, costs and cost-effectiveness of BMP for
fracture healing in skeletally mature adults, compared with current
standard treatments.

METHODS

Criteria for considering studies for this review

Types of studies

Randomised controlled trials (RCTs), full economic evaluation
studies (cost-effectiveness analyses, cost-utility analyses or cost-
benefit analyses) and partial economic evaluations (cost analyses)
comparing use of BMP for fracture healing in skeletally mature
adults with one or more current standard treatments. Economic
evaluations may include, but are not limited to, those conducted

alongside randomised controlled trials meeting inclusion criteria
for the review of intervention effectiveness.

Types of participants

Skeletally mature adults, aged 16 and older with bone fractures,
either acute or nonunion. Studies including individuals with any
stated serious co-morbidity were excluded.

Types of interventions

e BMP versus surgery alone

e BMP versus surgery with or without bone graft

e BMP and bone substitutes versus surgery and bone
substitutes

Types of outcome measures

Primary outcomes

1. Time to union
2. Union rate

Secondary outcomes

1. Secondary procedures (any procedures required after initial
surgery, specifically those undertaken to promote healing)
2. Infection
3. Hardware failure
4. Clinical response (average change in pain or functional
assessment scores such as Short Musculoskeletal Function
Assessment)
5. Operative and hospital stay parameters
i) Operative time
ii) Operative blood loss
iif) Length of postoperative hospital stay
6. Other patient outcomes
i) Employment status before and after treatment.
ii) Number and time to return to work (for those patients
in employment before treatment)
7. Donor site appearance (average score/change in donor site
appearance)
8. Heterotopic bone formation
9. Immunogenicity (antibody response to BMP or bovine
collagen)
10. Any adverse effects
11. Direct medical resource use
12. Lost or reduced productivity (time off work)
13. Other non-medical costs (e.g. patient out-of-pocket
expenses)
14. Unit costs associated with direct medical resource use and/

or non-medical resource use
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15. Total direct medical costs

16. Total productivity costs (time off work)

17. Total other non-medical costs

18. Incremental cost-effectiveness, cost-utility or cost benefit

Search methods for identification of studies

Electronic searches

We searched the Cochrane Bone, Joint and Muscle Trauma
Group Specialised Register (24 June 2008); the Cochrane Cen-
tral Register of Controlled Trials, Database of Abstracts of Re-
views of Effects, Health Technology Assessment Database, (7%e
Cochrane Library 2008, Issue 4); MEDLINE (1950 to Octo-
ber 2008); EMBASE (1980 to October 2008); NHS Evidence
Health Information Resources (28 October 2008); the NHS Eco-
nomic Evaluation Database ( NHS EED) ( 1992 to July 2008);
the European Network of Health Economic Evaluation Databases
(EURONHEED) (2000 to July 2008); HEED: Health Economic
Evaluations Database (1992 to July 2008); the Science Citation
Index (1945 to October 2008) for RCTs and economic evalua-
tions. We also searched the WHO International Clinical Trials
Registry (October 2008) and the National Research Register
(NRR) Archive (archived Sept 2007, searched October 2008) for
ongoing and unpublished studies. No language, date or publica-
tion status restrictions were applied.

In MEDLINE, the subject-specific search strategy was combined
with the first two sections of the optimal MEDLINE search strat-
egy for randomised trials (Higgins 2006), and modified for use in
other databases. See Appendix 1 for details of search strategies.

Searching other resources

We handsearched the following journals (chosen after electronic
searches identified these as publishing the most number of relevant
studies):

e Clinical Orthopaedics and Related Research from 1995 to
February 2006

e Journal of Bone Joint Surgery - American Volume from

1995 to March 2006

The following web-based sources of health economics grey litera-
ture were searched on 30 July 2008 using search strategy keywords
to identify further potentially eligible economic evaluations:

e Agency for Healthcare Research and Quality

e Centre for Evidence-based Purchasing

e Euroscan

e New York Academy of Medicine Library Grey Literature
Reports

e Research Papers in Economics

We searched the World Wide Web using Google and Google
Scholar on 30 July 2008 using combinations of subject-specific
search terms (see Appendix 1) and keywords from specialised health
economics search filters (Craig 2007) to identify further poten-
tially eligible economic evaluations.

We reviewed reference lists of RCTs, reviews and economic eval-
uations identified using electronic searches to identify further po-
tentially eligible RCTs and economic evaluations. We contacted
relevant industry sources (Wyeth and Stryker) to identify any un-
published studies. Reasonable attempts were made to contact au-
thors of several included studies to request copies of study reports,
missing data, additional information and/or unpublished data.

Data collection and analysis

Selection of studies

Three reviewers (KG, IS and FS) independently screened the titles
and abstracts of search results for potentially eligible RCTs and
economic evaluations. We also filtered the results of searches using
specialised electronic search filters configured to identify potential
economic evaluations (Craig 2007). We sought full text reports of
potentially eligible studies, and where only abstracts were identi-
fied we attempted to contact lead authors. Disagreements regard-
ing inclusion were resolved by discussion. Excluded studies were
listed with reasons for exclusion.

Data extraction and management

Data were extracted from included RCTs by one reviewer (KG)
and checked by another (FS). The data extraction form for RCTs
included:

o General information: authors, source, title, publication
status, year of publication, country, sponsoring and study
objectives.

e Participants: inclusion and exclusion criteria, total number
and number in intervention groups, age, gender, weight, baseline
comparability, drop-outs and reasons for drop-outs.

o Trial characteristics: design, length of follow-up,
randomisation (method), allocation concealment (method) and
blinding of assessors.

e Interventions: types, dose, carrier and surgical procedure.

e Outcomes: outcomes specified above.

e Results: intention-to-treat analysis and outcome measures.

Data were collected from included economic evaluations by one
reviewer (IS) and checked by another (MM). The data extrac-
tion form for economic evaluations (see Appendix 3) was based
on the format and guidelines used to produce structured abstracts
of full economic evaluations for inclusion in the NHS Economic
Evaluation Database (Craig 2007), adapted to reflect specific de-
sign features of this review. Economic evaluations were classified
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by type, using a classification scheme proposed by Drummond
(Drummond 2005) (see Figure 1), and further classified as either an
economic evaluation based on a single study or a model-based eco-
nomic evaluation. Where necessary, additional information and/
or unpublished data were sought from study authors. Secondary
analyses of original data sets utilised in these two economic eval-
uations were conducted by one reviewer (IS).

Figure 1.

Classification scheme for economic evaluations

Are both costs (inputs) and consequences (outputs) of the alternatives examined?

Quicome description
|5 there comparison

Ho Yes
Examines aniy Exarmines only costs
CONSEQIENCES
No 1A Partial evaluation 18 2 Partial evaluation

Cost description

Cost-outcome description

of twa ar mare
alternatives?

Yes Efficacy or effectiveness

evaluation

34 Partial evaluation 3B

Cost analysis

4 Full economic evaluation

Costeffectiveness analysis (CEA)
Cost-utility analysis (CUA)
Cost-henefit analysis (CBA)

Assessment of risk of bias in included studies

Risk of bias of each included trial, including one RCT (Govender
2002) providing clinical data utilised in three included economic
evaluations (Alt 2006a; Garrison 2007; Jones 2004), was assessed
using The Cochrane Collaboration’s 'Risk of bias’ assessment tool
(Higgins 2008). Assessments were conducted by one reviewer
(KG) and checked by another (ES). Risk of bias in the study (or
studies) providing clinical data utilised in a fourth included eco-
nomic evaluation (van Engen 2003) was assessed by one reviewer
(IS), again using The Cochrane Collaboration’s 'Risk of bias™ as-
sessment tool. Items assessed were as the listed quality criteria in
the protocol: adequate sequence generation; adequate randomisa-
tion concealment; blinding of assessors; comparability of baseline
characteristics between groups; explicit inclusion and exclusion
criteria; intention-to-treat analysis of at least the primary outcome;
and adequate reporting of drop-outs.

Assessment of the overall methodological quality of included eco-
nomic evaluations based on single, empirical studies was informed

by application of a recognised checklist based on guidelines for
authors and peer reviewers of economic submissions to the British
Medical Journal (Drummond 1996) and against the risk of bias
tool. Assessment of the overall methodological quality of model-
based economic evaluations was informed by application of a
recognised checklist for quality assessment in economic decision-
analytic models (Phillips 2004). Checklists were completed in-
dependently by two reviewers (IS and MM) and disagreements
were resolved through discussion. Completed checklists for each
included economic evaluation are included in Appendix 4.

Measures of treatment effect

Quantitative data (both dichotomous and continuous) reported
in individual trials and economic evaluations are presented in the
analyses and tables. Dichotomous data for union rate, secondary
procedures and hardware failure are presented as risk ratios to-
gether with 95% confidence intervals in the analyses.
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Studies with multiple treatment groups

For studies with multiple treatment groups, each treatment group
was compared separately to the control group where possible.
Where this was not possible, the appropriateness of combining
multiple treatment groups was assessed using subgroup analysis
and, if necessary, inappropriate groups were excluded from analy-
sis.

Unit of analysis issues

Where there were multiple treatment groups in one study, the con-
trol group was proportionately split to each group and compared
independently.

Dealing with missing data

When necessary, authors were contacted for missing data. Analysis
of primary outcome (union rate) was assessed using intention-to-
treat analysis with any drop-outs or missing patients treated as
union failures.

Assessment of heterogeneity

Statistical heterogeneity was inspected by use of forest plots, chi-
squared tests (with P value < 0.05 representing heterogeneity) and
I2 tests (30% to 60% is interpreted to represent moderate hetero-
geneity; 50% to 90% is interpreted to represent substantial hetero-
geneity; 75% to 100%: considerable heterogeneity). Where sig-
nificant levels of statistical heterogeneity were identified, possible
sources were explored using a sensitivity analysis which excluded
various trials from the analysis.

Assessment of reporting biases

There were insufficient trials available to assess for possible publi-
cation bias via funnel plots.

Data synthesis

Acute and nonunion fractures were assessed separately due to dif-
ferent healing characteristics (Termaat 2005). Data were sum-
marised statistically where appropriate, subject to availability of
data. For meta-analyses, risk ratios with 95% confidence intervals
were calculated for dichotomous outcomes using the random-ef-
fects model. Continuous outcomes were analysed using mean dif-
ferences with 95% confidence intervals.

Sensitivity analysis

Sensitivity analyses were performed in the nonunion meta-analysis
by exclusion of studies which included patients with bone defects
and the meta-analysis of acute fracture secondary interventions

(where McKee 2002 was excluded as it did not report the number
of drop-outs).

Economics issues

All elements of the economics components of this review were
conducted according to current guidance on the use of economics
methods in the preparation and maintenance of Cochrane reviews
(Shemilt 2008). Part of the rationale for presenting economics
components of the review in fine detail, with comprehensive ap-
pendices, is to profile full implementation of current economics
methods guidance, in order to provide a template for others to
adapt to manage economics components of other new or updated
Cochrane reviews. Therefore, authors of other Cochrane reviews
are not necessarily expected to implement the full range of eco-
nomics methods used and presented in this review (and indeed,
this may not be appropriate or feasible for some reviews).

Results of included economic evaluations are summarised in
Appendix 2, supplemented by a narrative summary in the main
text. In Appendix 2 and in the narrative summary of results, all
costs have been adjusted to 2008 International Dollar values using
a web-based conversion tool that is based on implicit price defla-
tors for GDP and Purchasing Power Parities for GDP (Shemilt
2010). All costs presented in Appendix 3 are expressed in the cur-
rency and price year used in each included study. Users of this
review wishing to adjust costs to another currency and price year
should use costs presented in Appendix 3 and not those presented
in Appendix 2 or in the main text of this review. Sensitivity anal-
yses were conducted to assess the effect of fracture severity on es-
timates of resource use, costs and cost-effectiveness.

RESULTS

Description of studies

Results of the search

Randomised controlled trials

Electronic searches identified 305 records. Screening of records
identified 13 potentially eligible studies, for which corresponding
papers were retrieved in full text where possible. Of 13 poten-
tially eligible studies, nine RCTs met inclusion criteria. Searches
of reference lists of identified studies and contact with industry
identified two further eligible RCTs, bringing the total number of
included RCTs to 11.

A search of trial registries identified seven, predominantly in-
dustrially-sponsored, trials. Six are listed as ongoing (see the
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Characteristics of ongoing studies) and one is completed with de-
tails given in the Characteristics of studies awaiting classification).
In addition, feedback at editorial review resulted in the identi-
fication of another two trials (Aro 2010; US Study Group); de-
tails of these are found in the Characteristics of studies awaiting
classification.

Economic evaluations

Electronic searches identified 15 records. Screening of records
identified 11 potentially eligible studies. Corresponding papers
and other reporting formats (e.g. posters) were retrieved in full-
text for 10 potentially eligible studies. The full text of the other
potentially eligible study (Perry 1997), reported via a poster, could
not be retrieved (reasonable attempts were made to obtain a copy
by contacting the lead author). While Perry 1997 provided suf-
ficient data regarding the RCT component of the study to war-
rant its inclusion, it did not report sufficient information regard-
ing the cost analysis component. Of the 10 potentially eligible
studies assessed, four economic evaluations met inclusion criteria.
Six studies were ineligible; five (Alt 2006b; Kanakaris 2007; Khan
2004; MAS 2005; WSDLI 2003) because they do not report a
full or partial economic evaluation (Drummond 2005; Shemilt
2008), and one (Dahabreh 2007) due to concern regarding se-
lection bias. Two authors of included economic evaluations pro-
vided additional information and unpublished data: Volker Alt
(Alt 2006a) and Fujian Song (Garrison 2007).

Included studies

Randomised controlled trials

Eleven RCTs involving 976 participants are included in this re-
view. Two studies are published only as abstracts (McKee 2002;
Perry 1997) and one is a paper written in Chinese (Chen 2000)
(data extracted by FS). Four RCTs involve patients with acute tib-
ial fractures, of which two RCTs include patients with open tibial
fractures (Govender 2002; McKee 2002), one with both open and
closed tibial fractures (Jones 2006) and one with only closed tib-
ial fractures (Maniscalco 2002). Four RCTs include patients with
tibial fracture nonunions (Chen 2000; Cook 1999; Friedlaender
2001; Perry 1997). Two trials include patients with critically sized
defects (Calori 2006; Geesink 1999); Calori 2006 also included
long-bone nonunion. The remaining study included patients who
had undergone corrective osteotomy for symptomatic radial malu-
nion (Ekrol 2008).

Eight studies used BMP-7 (Calori 2006; Cook 1999; Ekrol 2008;
Friedlaender 2001; Geesink 1999; Maniscalco 2002; McKee
2002; Perry 1997). Two studies used BMP-2 (Govender 2002;
Jones 2006) and one study used BMP and natural non-organic
bone (NNB) (Chen 2000). Various surgical treatments were used
for different diagnoses (see the Characteristics of included studies).

Six trials compare treatment with BMP with autograft (Chen
2000; Cook 1999; Ekrol 2008; Friedlaender 2001; Jones 2006;
Perry 1997). The remaining trials compare BMP with surgery
alone or different controls (see the Characteristics of included
studies).

Economic evaluations

Four economic evaluation studies are included in this review. Two
studies are published as posters (Jones 2004; van Engen 2003), one
is published as part of a UK Health Technology Assessment review
(Garrison 2007) and one is published in German language (Alt
2006a) (translated into English language by VA). Two studies are
full economic evaluations; one is a cost-effectiveness analysis (van
Engen 2003) and one is a cost-utility analysis (Garrison 2007).
Two studies are partial economic evaluations; both cost analyses
(Alt 2006a; Jones 2004). Three studies involve patients with acute
open tibial fractures (Alt 2006a; Garrison 2007; Jones 2004) and
one study involves patients with nonunion tibial fractures (van
Engen 2003); fracture severity is not reported.

Three economic evaluations (Alt 2006a; Garrison 2007; Jones
2004) compare treatment with a 1.5 mg/ml dose of BMP-2 as
an adjunct to intramedullary nail fixation (IM) with routine soft
tissue management, versus IM with routine soft tissue manage-
ment alone. All three studies utilise clinical data collected from the
same RCT (Govender 2002) to generate estimates of the impact
of the compared treatments on resource use (i.e. resource use as-
sociated with complications of treatment and secondary/revision
surgical procedures) and associated estimates of costs. Therefore,
these three studies cannot be viewed as entirely independent of
one another, nor of the results of Govender 2002. By extension,
estimates of cost-effectiveness produced by the cost-utility analysis
(Garrison 2007) are not independent of the results of Govender
2002. The other economic evaluation (van Engen 2003) includes
three comparisons: BMP-7 (dosage not specified) as an adjunct
to IM with routine soft tissue management compared with au-
tograft as an adjunct to IM with routine soft tissue management
(UK); BMP-7 (dosage not specified) as an adjunct to IM with
routine soft tissue management compared with Ilizarov fixation
as an adjunct to IM with routine soft tissue management (UK);
BMP-7 (dosage not specified) as an adjunct to IM compared with
routine soft tissue management compared with fixation with a nail
or plate and routine soft tissue management, with autograft when
appropriate (Germany). The source(s) of the clinical data utilised
in this study are unclear.

Two economic evaluations are based on single, empirical clini-
cal studies (Alt 2006a; Jones 2004).Two other economic evalua-
tions are model-based economic evaluations (Garrison 2007; van
Engen 2003). Although the former involves patients with acute
open tibial fractures (Garrison 2007) whilst the latter involves pa-
tients with nonunion tibial fractures (van Engen 2003), these two
studies use essentially similar model structures (see Figure 2 and
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Figure 3), based on similar theories of the role of the intervention
in addressing the medical condition under evaluation, leading to
similar structural assumptions. Specifically, both studies use a sim-
ple decision tree structure to compare the costs and clinical conse-
quences of experimental and comparator interventions, based on
the theory that the interventions will have a differential impact
on complications, secondary/ revisional procedures and the time
to and/or rate of fracture healing, and therefore on associated di-
rect medical costs. Differences in model structure between these
two studies relate primarily to differences in their specification of
complications parameters, choice of comparators and the point
of intervention in the treatment pathway (i.e. treatment of acute
fractures versus treatment of non-union fractures).

Figure 2. Garrison 2007: Basic model structure for the model-based cost utility analysis
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Figure 3. van Engen 2003: Basic model structure for the model-based cost-effectiveness analysis (AE =
adverse event)
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One economic evaluation (Alt 2006a) adopts the analytic per-
spective of a public health insurance company in Germany (third
party payer) and reports results using 2005 German EUR (EURO)
prices; one (Garrison 2007) adopts a UK health care system per-
spective and reports results using 2006 UK GBP (£) prices; one
(Jones 2004) considers two analytic perspectives - a United States
hospital (single provider) and a United States insurer (third-party
payer) - and reports results using 2003 USD ($) prices; and one
(van Engen 2003) considers a hospital (single provider) perspec-
tive in both the UK and Germany and reports results using 2001
UK GBP (£) or 2001 German EUR (EURO) prices. The time
horizons of costs (and effects, if applicable) adopted in these four
studies are one year (Alt 2006a; Garrison 2007), two years (Jones
2004) and unclear (van Engen 2003).

The model-based cost-utility analysis was conducted to critically
appraise, modify and update an unpublished economic model
(Abacus 2006) originally sponsored by Medtronic (a medical tech-
nology manufacturer and a distributor of thBMP-2), for pub-
lication as part of a UK Health Technology Assessment report
(Garrison 2007). Two co-authors of this Cochrane review (FS and
IS) had direct involvement in developing the revised economic
model (this was undertaken independently of the original model’s
developers and sponsors, using funds provided by the UK Na-
tional Coordinating Centre for Health Technology Assessment),
and along with others (KG, SD, JR, MM and IH) are also co-
authors of the parallel UK Health Technology Assessment report
(Garrison 2007). Two co-authors of this Cochrane review (VA and
SD) had direct involvement in conducting one of the included
cost analysis studies (Alt 2006a).

Excluded studies

Of the 10 excluded studies, five studies were found not to present
a full or partial economic evaluation, one study (Alt 2009) was a
revised economic analysis that was judged as unlikely to affect the
conclusions of this review and one study (Dahabreh 2007) had
compromised methodology. One study (Bilic 2006) was excluded
because it included patients younger than 16 years old and an-
other study (Xiao 2007) because it included patients with a se-
rious co-morbidity, in this case osteoporosis. The final excluded
study was a commentary on multi-centre randomised trials. See
the Characteristics of excluded studies for further details.

Risk of bias in included studies

Randomised controlled trials

Although all studies stated they were randomised controlled trials,
only Govender 2002 reported the method of randomisation (see
Figure 4 and Figure 5). Based on the randomisation method using
a central 24-hour automated system, the allocation method was
deemed acceptable as well. None of the remaining studies reported
the allocation method used. Five studies reported that they used
at least one independent blinded assessor to read radiographs to
determine fracture healing. Six trials did not report adequate de-
tails of the inclusion and exclusion criteria used to select patients.
Three trials did not use the intention-to-treat principle to analyse
the final data; however, for the majority of the trials it was unclear
whether this principle was used. McKee 2002 did not report the
fracture healing rate.
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Figure 4. Methodological quality summary: review authors’ judgements about each methodological quality
item for each included study. The review of economics studies based on RCTs has led us to question data
presented in at least one of the RCT reports (Govender 2002).
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Figure 5. Methodological quality graph: review authors’ judgements about each methodological quality
item presented as percentages across all included studies. The review of economics studies based on RCTs has
led us to question data presented in at least one of the RCT reports (Govender 2002).
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Economic evaluations

Completed checklists for each included economic evaluation are
included in Appendix 4.

The reliability of any full economic evaluation is in part predi-
cated on its use of reliable clinical data, including data on benefi-
cial and adverse effects, complications and secondary interventions
(Shemilt 2008). Risk of bias in studies generating clinical data
utilised in the two included full economic evaluations (Garrison
2007; van Engen 2003) was therefore assessed using The Cochrane
Collaboration’s "Risk of bias’ assessment tool. The model-based
cost-utility analysis (Garrison 2007) utilises clinical data collected
exclusively from Govender 2002. However, Govender 2002 in-
cludes two BMP intervention groups, with patients receiving a
0.75 mg/mL or 1.5 mg/mL dose of BMP-2 respectively, and a con-
trol group receiving standard care, whilst the model-based cost-
udility analysis (Garrison 2007) utilises effects data from the in-
tervention group receiving a 1.5 mg/mL dose of BMP-2 and the
control group only (i.e. it excludes the intervention group receiv-
ing a 0.75 mg/mL dose of BMP-2). This decision is attributable
to the principal finding of Govender 2002, which suggests that

only use of a 1.5 mg/mL dose of BMP-2 (and not a 0.75 mg/
mL dose) demonstrates clinical efficacy, compared with standard
care. All aspects of risk of bias in the studies (or study) generating
clinical data utilised in the model-based cost-effectiveness analysis
(van Engen 2003) are unclear, since the source(s) of these data
are not reported; the authors state only that “Data on efficacy [of
BMP-7] were obtained from clinical trials and literature”.

The overall methodological quality of the two included partial
economic evaluations, both cost-analyses (Alt 2006a; Jones 2004),
is reasonable. However, neither cost analysis reports quantities of
resource use separately from their unit costs, nor do they report
measures of variance or 95% ClIs for estimates of mean costs. In
the cost analysis in Alt 2006a, these two methodological limita-
tions are attributable to the authors” decision to use randomisa-
tion group-level data in their analysis to estimate mean cost differ-
ences between the intervention and control groups. Both of these
limitations were overcome by conducting a secondary analysis of
individual patient-level data obtained from Alt 2006a for this re-
view (conducted by IS). Other limitations of the cost analysis re-
ported by Alt 2006a are that: no sensitivity analysis is reported;
calculation of direct medical costs does not include the costs of
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outpatient visits and physical therapy; the analysis assumes that
the day of fracture healing corresponds to the day of resumption
of work and that all patients were in paid employment before their
fracture. Other limitations of the cost analysis reported by Jones
2004 are that: a limited (univariate) sensitivity analysis, including
only one variable (% of thBMP-2 price reimbursed by payers), is
reported; no discounting of costs is reported despite the study’s
two-year time horizon; the authors do not acknowledge or address
potential variations in treatment costs between patients with acute
open tibial fractures of different severities. Like the model-based
cost-utility analysis (Garrison 2007), both included cost analyses
base their estimates of resource use on clinical data collected from
the same, single multi-centre RCT (Govender 2002), but utilise
clinical data relating to the intervention group receiving a 1.5 mg/
mL dose of BMP-2 and the control group only (i.e. they do not
utilise clinical data relating to the intervention group receiving
0.75 mg/mL dose of BMP-2). This decision is again attributable
to the principal finding of Govender 2002, which suggests that
only use of a 1.5 mg/mL dose of BMP-2 (and not 2 0.75 mg/mL
dose) demonstrates clinical efficacy, compared with standard care.
The overall methodological quality of the model-based cost-utility
analysis (Garrison 2007) is good. However, several methodologi-
cal limitations are worthy of note. First, the authors do not report
quantities of resource use separately from their unit costs (quan-
tities of resource use reported in this review are obtained from
unpublished data supplied by the study authors). Second, the au-
thors appear to have reported their results selectively in the original
study report. Specifically, in the original study report, incremental
cost per QALY is reported for all open fracture patients and for
patients with Gustilo-Anderson grade III fractures (i.e. IIIA, IIIB,
and ITIC combined), but not separately for patients with Gustilo-
Anderson grade ITIA, IIIB, and IIIC fractures respectively, nor for
patients with Gustilo-Anderson grade II fractures or patients with
Gustilo-Anderson grade I fractures. The same selective reporting
of results is found in the original study report with respect to direct
medical costs. Third, as discussed by the authors, the analysis is
limited by a lack of objective empirical data on health state utility
values associated with open tibial fractures. Disutility values used
in the analysis are extrapolated from estimates for older women
with hip fractures and women with long-standing vertebral os-
teoporotic fractures. Whilst the authors attempt to overcome this
limitation by assuming disutility values to be 30% smaller than
those used in the original industry-sponsored model on which the
study is based, they acknowledge this assumption to be arbitrary.
Finally, it is debatable whether use of a time dependent model
structure may capture differential utility gain more accurately than
the decision tree model structure used in the analysis.

The overall methodological quality of the model-based cost-effec-
tiveness analysis (van Engen 2003) is difficult to assess, due to the
lack of detail in the report. Several specific methodological and
reporting limitations are worthy of note. Estimates of resource
use used in the model are based on expert opinion, which may

be considered a low quality source of evidence to inform resource
use parameters (Cooper 2005). The report does not include any
assessment of the quality of data identified for use in the economic
model and data modelling methodology is not described in suffi-
cient detail to allow judgement of whether the methods used are
based on justifiable statistical and epidemiological techniques. The
time horizon of the analysis is not reported. Measures of variance
are not reported for mean resource use or cost values and 95%
Cls are not reported with respect to estimates of cost-effectiveness.
Incremental analysis is not reported with respect to costs or cost-
effectiveness. The authors do not acknowledge or address poten-
tial variations in treatment costs and effects between patients with
nonunion tibial fractures of different severities. Whilst the authors
state that sensitivity analysis has been performed, with sensitive
parameters reported, the methods and results of sensitivity analysis
are not reported systematically. In particular it is unclear whether
uncertainty is evaluated in all parameters, or in only a few key pa-
rameters, and what methods or assumptions are used to determine
the ranges over which variables are tested. Finally, it is debatable
whether an alternative Markov model structure could have been
considered in preference to the decision tree model structure used,
to enable modelling of cost-effectiveness over more than one treat-
ment cycle.

Full model-based economic evaluations should ideally consider all
feasible and practical treatment options that may be used in the
study setting (Phillips 2004). In principle it is feasible that other
available BMP products could have been included as treatment op-
tions in the two model-based full economic evaluations (Garrison
2007; van Engen 2003).

The quality of the included economic studies requires assessment
with vastly different parameters to effectiveness studies. However,
the economic evaluations are included as primary studies and
therefore appear in the Cochrane risk of bias analyses, but their
inclusion in 'Risk of bias’ tables is not appropriate due to their
use of data from included RCTs. Therefore, this has affected the
overall "Risk of bias’ figures (Figure 4 and Figure 5).

Effects of interventions

Primary outcomes

I. Time to union

Five RCTs report data for the time to healing (Calori 2006; Ekrol
2008; Govender 2002; Jones 2006; Maniscalco 2002). However,
due to differences in reporting the results could not be pooled
(Table 1). Apart from Ekrol 2008, the trials report comparable
times to healing between the BMP and control groups. Ekrol 2008
reports significantly faster healing in both control groups using
external or internal fixation (P = 0.05 and P = 0.019 respectively).
Govender 2002 reports significantly faster healing in the 1.5 mg/

Bone morphogenetic protein (BMP) for fracture healing in adults (Review) 14
Copyright © 2010 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



mL BMP group (median 145 days) than in the control group
(median 184 days).

The cost analysis conducted by Alt 2006a utilises data on time
to healing collected from Govender 2002. However, the median
time to fracture healing in the control group reported in this cost
analysis (197 days) is longer than the median time to fracture
healing in the control group as reported in Govender 2002 (184
days). This apparent discrepancy is explained by the different pur-
poses of these two studies. Govender 2002 has a clinical focus and
therefore aims to measure the biologic effect of BMP on time to
fracture healing, thus excluding those patients who received a sec-
ondary intervention due to a technical failure of the implant. The
Alt 2006a cost analysis has a health economics focus and therefore
aims to measure the impact of time to fracture healing on produc-
tivity losses due to patients’ time off work, thus including those
patients regardless of whether or not they received a secondary in-
tervention. The model-based cost-utility analysis (Garrison 2007)
also utilises data on time to healing as reported in Govender 2002,
expressed in mean weeks. The cost-utility analysis reports faster
healing time in the 1.5 mg/mL BMP group (mean 26.64 weeks)
than in the control group (mean 31.99 weeks).

2. Union rate

Seven of the 11 RCTs report a definition of successful fracture
union, of which all include the parameter of bridging bone seen on

a certain number of radiographic views (Cook 1999; Ekrol 2008;
Friedlaender 2001; Geesink 1999; Govender 2002; Jones 2006;
Maniscalco 2002). Three RCTs also include clinical outcomes in
their definition of union (Govender 2002; Jones 2006; Maniscalco
2002).

The rate of fracture healing is reported by all RCTs apart from
McKee 2002 (Table 2; Table 3). RCTs were grouped as either acute
or nonunion fractures for meta-analysis apart from Ekrol 2008
which was considered to be neither and thus is analysed separately.
The two studies with defects were included in the nonunion group
(Calori 2006; Geesink 1999).

Applying the random-effects model, the risk ratio for achieving
union without secondary procedure for acute fractures is 1.19
(95% CI 0.99 to 1.43) (Figure 6). Over half the weight comes
from the Govender 2002. In this trial, the 0.75 mg/mL and 1.5
mg/mL concentrations of BMP were each compared to half of
the control group. The results suggest, but do not confirm a dose
dependent effect. There is moderate heterogeneity between the
studies (I2 = 32%). In Govender 2002, the 1.50 mg/mL BMP
group has significantly more younger patients than both the 0.75
mg/mL and control groups, as well as significantly more patients
who received reamed nailing (reamed nailing is where the inside
of the bone is drilled out and then the nail inserted). Reamed bone
produces bone 'dust’, which is a form of bone graft, and may help
healing (unreamed nails are just pushed into the bone) (Govender
2002).

Figure 6. Forest plot of comparison: BMP versus bone graft substitutes, outcome: I.l Participants with
tibial fracture attaining union without secondary procedure

BMP Control or hone graft Risk Ratio Risk Ratio

Studhy or Subgroup  Events  Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Gowender 2002 92 145 33 74T 3% 1.42[1.07,1.88] ——
Gaowvender 2002 g 145 33 ¥3O2548% 1.14 [0.85, 1.594] =
Jones 2006 13 15 10 18 1589% 1.30[0.86, 1.96] T
Maniscaleo 2002 T ¥ ¥ ToOoaA% 1.00([0.78,1.28] —
Total {95% Cly 312 169 100.0% 1.19[0.99, 1.43] >
Total events 187 g3

iity: == s Chir= = = CR= t } } t } t
Heterogeneity: Tau®=0.01; Chi*=4.43 df =3 (FP=021, F=32% N1 03 0's 3 L

Testfor averall effect Z=1.84 (P =0.07)

For nonunions subsequent to long bone fractures, the pooled RR
forattaining union is 1.02 (95% CI 0.90 to 1.15) (Figure 7). There
is moderate heterogeneity (I2 = 39%). This heterogeneity persists
on the exclusion of the study available only as an abstract (Perry
1997); and for the two studies including patients with defects
(Calori 2006; Geesink 1999).

Favours control - Fawvaurs BMP
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Figure 7. Forest plot of comparison: BMP versus bone graft substitutes, outcome: 1.2 Participants with
prior nonunion of the long bones attaining union
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For patients treated with corrective osteotomy for radial malu-
nions, there was no significant difference in the union rate without
secondary procedures between BMP and control groups, RR 0.76
(95% CI 0.53 to 1.09) (Figure 8).

Favours bone graft Favours BMP

Figure 8. Forest plot of comparison: BMP versus bone graft substitutes, outcome: 1.3 Participants attaining
union without secondary intervention after osteotomy for radial malunion

BMP Bone graft Risk Ratio Rizk Ratio
Study or Subgroup  Events Total Ewents Total M-H, Random, 95% CI M-H, Random, 95% Cl
Ekral 2008 10 14 14 16 0.7R[0.53, 1.09] —t+
02 05 2 5

Three economic evaluations including patients with acute open
tibial fractures (Alt 2006a; Garrison 2007; Jones 2004) utilise clin-
ical data on union rate collected from Govender 2002. The source
of clinical data on union rate utilised in the economic evalua-
tion including patients with nonunion tibial fractures (van Engen
2003) is unclear (this study reports a lower union rate amongst
patients receiving BMP (81%) compared with patients receiving

autograft (85%)).

Secondary outcomes

With the exception of the outcome ’secondary procedures’, which
is presented in the Analyses, results from individual studies for
secondary outcomes are presented in Appendix 2.

Fawvours haone graft Favours EMP

I. Secondary procedures

Fewer patients with acute fractures who received BMP underwent
secondary procedures according to three RCTs (Govender 2002;
Jones 2006; McKee 2002): RR 0.65 (95% CI 0.50 to 0.83) (Figure
9). McKee 2002 does not report the number of dropouts and
therefore intention-to-treat data could not be calculated. Upon
excluding this study from the analysis the result is still significant
(P =0.005). The different BMP dose groups were again separately
compared to half of the control group in Govender 2002. Again,
the results for the higher dose of 1.5 mg/mL were more favourable
than those for the 0.75 mg/mL dose, but a test for interaction does
not confirm this to be statistically significant.
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Figure 9. Forest plot of comparison: BMP versus bone graft substitutes, outcome: 1.4 Acute fracture:
participants requiring secondary procedure to attain union

BMP Control or hone graft Hisk Ratio Risk Ratio
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Two studies in the prior nonunion group found no statistically
significant difference between the two groups in the number of
secondary interventions (RR 0.41, 95% CI 0.13 to 1.28) (Figure
10). Ekrol 2008 found no difference between the two groups in the
number of participants requiring secondary procedure to attain
union after corrective osteotomy (Analysis 1.6).

Favours BMF  Favours control

Figure 10. Forest plot of comparison: BMP versus bone graft substitutes, outcome: 1.5 Participants with
nonunion of the tibia or other long bone requiring secondary procedure to attain union
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2. Infection

Five RCTs report patients developing infections (Cook 1999;
Ekrol 2008; Friedlaender 2001; Govender 2002; Jones 2006). Two
BMP/autograft group patients and one control group patient de-
veloped deep infection requiring surgical intervention in Jones
2006. In Cook 1999, one autograft patient developed an infec-
tion and failed to heal. Four patients in the external fixation group
of the Ekrol 2008 (three in autograft group and one in BMP-
7 group) had superficial pin track infections which cleared with
antibiotics. Friedlaender 2001 reported two patients who received
OP-1 and 13 control patients with osteomyelitis of the lower leg,
and 14 OP-1 and 12 control patients with postoperative infection.
Twelve (15%) 0.75 mg/mL BMP-2, 15 (21%) 1.50 mg/mL BMP-
2 and 13 (15%) of control patients with Gustilo-Anderson types

Favours BMF  Favours control

I and II had fracture site infections in Govender 2002. Also in
Govender 2002, 19 (29%) 0.75 mg/mL BMP-2, 15 (24%) 1.50
mg/mL BMP-2 and 26 (44%) of control patients with Gustilo-
Anderson types IITA and IIIB had fracture site infection.

It was possible to collect data on numbers and rates of patients
developing infections from two economic evaluations of acute
fractures (Alt 2006a; Garrison 2007). These data are reported in
Appendix 2 (and Appendix 3) but it should be noted they are
derived from Govender 2002. Overall infection rates reported in
these two economic evaluations are broadly comparable with those
reported in Govender 2002. However, it is noted that the authors
apply setting-specific classifications of infection severity in order
to enable estimation of the costs of infections based on unit costs
applicable to the respective study settings (i.e. setting-specific unit
costs vary by infection severity - see Appendix 2).
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3. Hardware failure

Of the two acute tibia fractures studies that reported hardware
failures, there were significantly fewer failures in the BMP groups
than the controls (RR 0.64, 95% CI 0.42 to 0.96) (Figure 11). In
Jones 2006, two control patients required dynamization of the in-
tramedullary nail due to screw breakage but went on to heal (Jones
2006). The main cause of hardware failure in Govender 2002 was
either screw breakage or bending. Notably, there were significantly

Figure 1 1.

fewer failures in the 1.5 mg/mL BMP-2 group (16/145) versus
the control group (32/147), P = 0.02. In Friedlaender 2001, 25/
61 BMP-7 patients and 34/61 autograft patients are reported to
have had a 'mechanical complication of the internal orthopaedic
device’ (Analysis 1.8); however, details of the complications are
not given. In Ekrol 2008, 10 of the 20 patients receiving internal
fixation with a dorsal pi-plate experienced plate irritation, requir-
ing surgery and plate removal in three BMP-7 patients and seven
bone graft patients.

Forest plot of comparison: BMP versus bone graft substitutes, outcome: 1.7 Acute fracture:

participants with hardware failure
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In the van Engen 2003 cost-effectiveness analysis, rates of hardware
events are reported as 41% in the BMP-7 treatment group, 56%
in the autograft group and 20% in the Ilizarov fixation group.
However, the source(s) of these data are not reported.

4. Clinical response (average change in pain or functional
assessment scores such as Short Musculoskeletal Function
Assessment)

The severity of pain in patients from both groups is reported by
Cook 1999, with one patient experiencing pain when weight bear-
ing, eight with mild pain and 18 with no reported pain. In Ekrol
2008, no significant changes are found in the number of patients
experiencing pain from before surgery to the study endpoint in
any group. Friedlaender 2001 reports no significant difference in
the number of patients experiencing pain at multiple sites in the
BMP-7 group (8/61) compared with the control group (9/61). A
significant difference in the pain outcome is found in Govender
2002 between the results for the higher dose 1.5 mg/mL BMP-2
dose group compared with the control group (P = 0.03). Geesink
1999 reports three patients in the BMP-7 intervention group ex-
periencing pain, of which two were assessed as mild and one as
moderate.

Some data on functional outcomes are reported by six studies
(Chen 2000; Cook 1999; Ekrol 2008; Friedlaender 2001; Jones
2006; McKee 2002). Ekrol 2008 report no significant difference

Favours BMF  Favours control

in the functional outcomes assessed between the BMP and con-
trol groups receiving either internal or external fixation. Both the
BMP/autograft group and control group in Jones 2006 show sim-
ilar improvement in Short Musculoskeletal Function Assessment
scores from baseline to the study endpoint. The difference in the
number of patients fully weight bearing in McKee 2002 is not
significant (reported P = 0.11). Neither is the difference between
the treatment groups’ respective function scores assessed in Chen
2000. The total number of weight bearing patients in both treat-
ment groups is reported by Cook 1999. There is no significant
difference between the two groups in the number of patients fully
weight bearing without pain in Friedlaender 2001 (reported P =
0.52).

5. Operative and hospital stay parameters

Operative time

Two RCTs reporting data on operative time found comparable
times between treatment groups (Friedlaender 2001; Jones 2006).
One economic evaluation involving patients with nonunion frac-
tures reports data on operative time (van Engen 2003). In the UK,
operative time is comparable between the BMP-7 and autograft
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groups (90 minutes and 81 minutes), whilst operative time is con-
siderably longer for the Ilizarov fixation group (212 minutes). In
Germany, operative time is shorter for the BMP-7 group com-
pared to the usual care group (47.6 minutes and 77.6 minutes)
(usual care consists of fixation with a nail or plate as an adjunct
to IM with routine soft tissue management, with autograft if ap-
propriate). The authors state that these data are country-specific
estimates based on the expert opinions of two panels of seven prac-
tising orthopaedic surgeons from the UK and seven traumatolo-
gists from Germany, collected using a modified Delphi method
administered by telephone interviews.

Operative blood loss

Two RCTs report data on operative blood loss (Friedlaender 2001;
Jones 2006). In both studies, operative blood loss is significantly
lower in the intervention group compared with control: P = 0.05
reported by Friedlaender 2001; and P = 0.01 reported by Jones
2006.

Length of postoperative hospital stay

Two RCTs reporting data on length of postoperative hospital stay
found comparable results between treatment groups (Friedlaender
2001; Maniscalco 2002).

One economic evaluation involving patients with nonunion frac-
tures reports data on length of postoperative hospital stay (van
Engen 2003). In the UK, length of postoperative hospital stay is
comparable between the BMP-7 group and the autograft group
(6.0 days and 6.5 days), whilst length of postoperative hospital
stay is considerably longer for the Ilizarov fixation group (13.0
days). In Germany, length of postoperative hospital stay is com-
parable between the BMP-7 group and the usual care group (12.9
days and 13.0 days). The authors state that these data are coun-
try-specific estimates based on the expert opinions of two panels
of seven practising orthopaedic surgeons from the UK and seven
traumatologists from Germany, collected using a modified Delphi
method administered by telephone interviews.

6. Other patient outcomes

No RCTs report data on the patients’ employment status before or
after treatment, numbers of patients returning to work following
treatment, or the time to return to work (duration of time off
work).

The cost analysis conducted by Alt 2006a includes arbitrary as-
sumptions regarding patients’ employment status before and after
treatment: that all patients had been in paid employment before
treatment and resume work after treatment, and that the day of
resumption of work corresponds to the day of fracture healing.

7. Donor site appearance (average score/change in donor
site appearance)

Data on donor site appearance are not reported in any included
studies.

8. Heterotopic bone formation

Two RCTs report data on heterotopic bone formation (Jones
2006; Maniscalco 2002). Jones 2006 reports one patient in the
BMP/autograft group had heterotopic bone formation of a solid
tibiofibular synostosis. This was found at 7.5 months postopera-
tively but did not require removal. One BMP group participant
in Maniscalco 2002 had calcification of the tibiofibular ligament .

9. Immunogenicity (antibody response to BMP or bovine
collagen)

Four RCTs report responses to antibody testing (Friedlaender
2001; Geesink 1999; Govender 2002; Jones 2006). Govender
2002 finds no association between the presence of BMP-2 an-
tibodies and clinical outcomes, nor evidence of related adverse
events. Likewise, no relationship is found when antibodies to type-
1 bovine collagen are present. No antibodies developed to BMP-
2 are found in patients in Jones 2006. However, one patient in
the BMP-2/allograft group and four patients in the control group
are found to have had antibodies to bovine type-1 collagen. In
both Govender 2002 and Jones 2006, no subsequent antibodies
to human type-1 collagen are found in patients with antibodies to
bovine type-1 collagen. Transient levels of BMP-7 antibodies are
detected in 10% of patients in the BMP-7 group in Friedlaender
2001. Geesink 1999 report no antibodies to BMP-7 and two re-
sponses to collagen with no subsequent clinical effect.

10. Any adverse effects

Three RCTs report additional adverse events not covered by previ-
ous outcomes (Ekrol 2008; Friedlaender 2001; Jones 2006). These
are reported in Appendix 2.

I 1. Direct medical resource use

Three economic evaluations, all involving patients with acute open
tibial fractures, report the dosage of BMP-2 used as 1.5 mg/mL
per patient (Alt 2006a; Garrison 2007; Jones 2004).

One economic evaluation involving patients with nonunion frac-
tures reports data on operative time and length of postoperative
hospital stay (van Engen 2003), as summarised under section 5.
’Operative and hospital stay parameters’ above. In two economic
evaluations involving patients with acute open tibial fractures (Alt
20006a; Garrison 2007), direct medical resource use associated with
operative time and length of postoperative hospital stay are not
measured directly, but measures of the costs of these resources are
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incorporated into the unit costs of primary and secondary surgical
procedures.

All other measures of direct medical resource use included in the
three economic evaluations involving patients with acute open
tibial fractures (Alt 2006a; Garrison 2007; Jones 2004) relate to
primary and secondary surgical procedures. Extracted data on the
numbers of patients undergoing secondary/revision procedures
and/or surgical treatment for complications and/or post-traumatic
and postoperative infections in each treatment group (by fracture
severity grade, where available) are included in Appendix 3. Over-
all, these data concur with the results of Analysis 1.4, which provide
some evidence to suggest that fewer acute tibial fracture patients re-
ceiving BMP undergo secondary procedures, compared with con-
trol group patients. This agreement is not surprising, given that
all three economic evaluations involving patients with acute open
tibial fractures utilise clinical data collected from Govender 2002.

12. Lost or reduced productivity (time off work)

One economic evaluation, the cost analysis by Alt 2006a, includes
time off work incurred by acute open tibial fracture patients follow-
ing treatment. These results are predicated on arbitrary assump-
tions made by the study authors that all patients had been in paid
employment before treatment and resume work after treatment,
and that the day of resumption of work corresponds to the day of
fracture healing. A secondary analysis of individual patient-level
data collected from this study (conducted by IS) indicates that, on
average (mean), patients receiving BMP-2 incur 32.4 fewer days
off work compared with patients receiving current standard treat-
ment (mean -32.4 days per patient (favours intervention), SD =
101.5, 95% CI -55.8 to -8.9). The difference in time off work be-
tween BMP and control patients is largest amongst patients with
the most severe (Gustilo-Anderson grade III B) open tibial frac-
tures (mean -44.9 days per patient (favours intervention), SD =
101.5, 95% CI -81.1 to -8.7), and in general this difference de-
creases as fracture severity decreases (see Appendix 3).

13. Other non-medical costs (e.g. patient out-of-pocket
expenses)

No included studies report other non-medical costs.

14. Unit costs associated with direct medical resource use
and/or non-medical resource use

Three economic evaluations involving patients with acute open
tibial fractures report the unit cost of a 1.5 mg/mL dose of BMP-
2 (Alt 2006a; Garrison 2007; Jones 2004). The unit cost of a 1.5
mg/mL dose of BMP-2 is, respectively, $3512 (Alt 2006a), $2903
(Garrison 2007) and $5639 (Jones 2004) (2008 International Dol-
lar prices). These data indicate variation in the acquisition cost of
BMP-2 between countries (Germany, UK and USA respectively).

One economic evaluation involving patients with nonunion tib-
ial fractures reports unit costs per patient of unspecified doses of
BMP-7 (van Engen 2003). The unit cost is $5679 per patient in
the UK and $5561 per patient in Germany (2008 International
Dollar prices).

One economic evaluation (Alt 2006a) reports a unit cost for the
average daily sickness payment paid by German public health in-
surance companies (including fringe benefits that have to be cov-
ered) to employed patients absent from work due to incapacity.
This is $56.59 (2008 International Dollar prices).

Other unit costs associated with direct medical resource use and
non-medical resource use are tabulated, by study, in Appendix 3.
Unit costs applicable to specific items of resource use cannot be
compared between studies (other than the unit cost of BMP-2)
due to between-study differences in the detailed costing methods
used.

I15. Total direct medical costs

Data on average (mean) total direct medical costs are available from
all three economic evaluations involving patients with acute open
tibial fractures (Alt 2006a; Garrison 2007; Jones 2004). Based
on a secondary analysis of individual patient-level data collected
from the Alt 2006a cost-analysis, which adopts a German pub-
lic health insurance (third party payer) perspective, incremental
average (mean) one-year total direct medical costs for all acute
open tibial fracture patients (Gustilo-Anderson grades I, II, IIA
and IIIB combined) are $2785 per patient (favours control, SD =
3697, 95% CI 1932 to 3638; 2008 International Dollar prices)
(Alt 2006a). In the cost-utility analysis by Garrison 2007, which
is conducted from a UK health care system perspective, incremen-
tal average (mean) one-year total direct medical costs for all acute
open tibial fracture patients (Gustilo-Anderson grades I, II, IIA,
IIIB and ITIC combined) are $1710 per patient (favours control),
SD =451,95% CI 737 to 2475; 2008 International Dollar prices).
In the cost analysis conducted by Jones 2004, incremental average
(mean) two-year undiscounted total direct medical costs for all
acute open tibial fracture patients (Gustilo-Anderson grades I, II,
ITA and IIIB combined) are $5069 per patient from a US hospital
(single provider) perspective (favours control; 2008 International
Dollar prices; measure of variance and 95% CI are not reported)
and $-4009 per patient from an insurer (third party payer) per-
spective (favours intervention; 2008 International Dollar prices;
measure of variance and 95% CI are not reported).

Data on average (mean) total direct medical costs by fracture sever-
ity grade (Gustilo-Anderson grade) are available from two eco-
nomic evaluations involving patients with acute open tibial frac-
tures (Alt 2006a; Garrison 2007). These data are reported, by
study, (in the original currency and price year reported in each
study) in Appendix 3. These data indicate that, whilst the direct
medical costs associated with BMP-2 treatment consistently ex-
ceed those associated with autograft regardless of fracture severity,
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there is an overall trend that the magnitude of the difference de-
creases as fracture severity increases.

Data on average (mean) total direct medical costs are also reported
in the cost-effectiveness involving patients with nonunion open
tibial fractures, conducted from a hospital (single provider) per-
spective (van Engen 2003). In the UK, incremental average (mean)
one-year total direct medical costs for all nonunion fracture pa-
tients are $-532 per patient when comparing BMP-7 treatment
with autograft and $-1714 per patient when comparing BMP-7
treatment with Ilizarov fixation (favours intervention in both cases;
2008 International Dollar prices; measures of variance and 95%
ClIs not reported). In Germany, incremental average (mean) one-
year total direct medical costs for all nonunion fracture patients
are $1021 per patient when comparing BMP-7 treatment with
current standard treatment (favours control); 2008 International
Dollar prices; measure of variance and 95% CI not reported).

16. Total productivity costs (time off work)

One economic evaluation, the cost analysis by Alt 2006a, includes
productivity costs incurred by a public health insurance company
(third party payer) as a result of sickness payments paid to patients.
The authors assume that health insurers provide sickness payments
after absence from work of six weeks duration (with payments
during the initial period up to six weeks covered by the employer).
This reflects current practice in Germany. Based on a secondary
analysis of individual patient-level data collected from this cost-
analysis (conducted by IS), incremental average (mean) produc-
tivity costs for all acute open tibial fracture patients (Gustilo-An-
derson grades I, II, IIA and IIIB combined) are $-1831 per patient
(favours intervention), SD = 5746, 95% CI -3157 to 505; 2008
International Dollar prices) (Alt 2006a).

17. Total other non-medical costs

No included studies report other non-medical costs.

18. Incremental cost-effectiveness, cost-utility and/or cost
benefit

Incremental cost per QALY results are available from one full eco-
nomic evaluation: the cost-utility analysis involving patients with
acute open tibial fractures (Garrison 2007). Incremental cost per
QALY for all patients with acute open tibial fractures (Gustilo-
Anderson grades I, II, IIIA, ITIB and IIIC) is $32,603 per QALY
(95% CI 22842 to 99346; 2008 International Dollar prices). Un-
published data collected from this study show marked incremental
cost per QALY differences between acute open tibial fractures of
different severities, ranging from $10,004 per QALY for Gustilo-
Anderson grade IIIC fractures (95% CI -14,267 to 43,945; 2008
International Dollar prices) to $650,007 per QALY for Gustilo-
Anderson grade I fractures (95% CI 315,948 to 1,323,265; 2008

International Dollar prices). A probabilistic sensitivity analysis

conducted by the authors shows that cost per QALY results are
sensitive to the price of BMP-2.

Incremental cost-effectiveness ratios are available from one full
economic evaluation: the cost-effectiveness analysis involving pa-
tients with nonunion tibial fractures conducted by van Engen
2003. In the UK, the incremental cost per healed fracture is $321
per patient when comparing BMP-7 treatment with autograft
and $1160 per patient when comparing BMP-7 treatment with
Ilizarov fixation (favours control; 2008 International Dollar prices;
95% Cls not reported). In Germany, incremental cost per healed
fracture is $2314 per patient when comparing BMP-7 treatment
with current standard treatment (favours control); 2008 Interna-
tional Dollar prices; 95% CI not reported).

DISCUSSION

In this review, we have systematically reviewed the available evi-
dence from both randomised controlled trials and economic eval-
uations evaluating the effectiveness and cost-effectiveness of bone
morphogenetic protein (BMP) for treating acute fractures or frac-
ture nonunion.

Summary of main results

Eleven randomised controlled trials, involving 976 participants,
and four economic evaluations, three of which focused on the
same trial, are included. Most trials were sponsored and funded
by industry.

Randomised controlled trials

Four RCTs involved patients with acute tibial fractures, of which
the two larger RCTs included patients with open tibial fractures
fixed using intramedullary nailing (Govender 2002; McKee 2002).
Four RCTs included patients with tibial fracture nonunions, two
trials included patients with critically sized defects, one of which
also included long-bone nonunion. The remaining small study
included patients who had undergone corrective osteotomy for
symptomatic radial malunion (Ekrol 2008).

Apart from Ekrol 2008, the times to fracture healing were compa-
rable between the BMP and control groups. There are very limited
data on the effectiveness of BMP in closed acute fractures.

There is some evidence for increased healing rates, without requir-
ing a secondary procedure, of BMP compared with usual care con-
trol in acute, mainly open, tibial fractures (RR 1.19, 95% CI 0.99
to 1.43). Most of the evidence was from one large trial (Govender
2002), of 450 participants, which found increased healing rates
of a higher dose of 1.5 mg/mL BMP-2 compared with a 0.75
mg/mL dose. However, this trial had important confounding re-
sulting from the imbalance in the age of participants (these were
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younger in the two BMP groups) and that significantly more pa-
tients received reamed intramedullary nailing in the higher dose
group. To a lesser extent these reservations apply to the favourable
findings for secondary procedures for attaining union. Data from
three trials showed that fewer secondary procedures were required
for acute fracture patients treated with BMP versus controls (RR
0.65, 95% CI 0.50 to 0.83).

There was no evidence of benefit for BMP, compared usually with
bone grafts, for achieving union for fracture nonunion (RR 1.02,
95% CI 0.90 to 1.15). This was, however, a heterogenous group
of small trials. Notably, although BMP has an angiogenic effect
(Vaccaro 2002), selection bias may lead to an apparent lack of
effectiveness if a study group includes greater numbers of atrophic
nonunions than the control group. This was the case for the largest
trial in this group (Friedlaender 2001). Data from two trials in the
prior nonunion group found no statistically significant difference
between the two groups in the number of secondary interventions
(RR0.41, 95% CI 0.13 to 1.28).

Ekrol 2008 found no difference in union for patients who had cor-
rective osteotomy for radial malunions, but found that the control
group healed significantly faster than the BMP group. The au-
thors abandoned use of non-bridging external fixation when half
of the BMP patients experienced osteolysis. Subsequently, the use
internal fixation did not lead to any cases of osteolysis, suggesting
the inability of the BMP application to provide structural support
to the site.

Reported adverse events were infection, hardware failure, pain,
donor site pain/complications, heterotopic bone formation and
immunogenic reactions. Of the two acute tibia fractures studies
reporting hardware failures, there were significantly fewer failures
in the BMP groups than the controls (RR 0.64, 95% CI 0.42
to 0.96). The development of ectopic bone was reported in two
studies. No further surgery was performed, but the cause and po-
tential implications should be further investigated. The presence
of ectopic bone, if excessive, may interfere with limb function and
there is concern that the natural osteoblastic control mechanism
may be affected by exogenous supra-physiological doses of BMP.
The limited data on donor site problems were mainly on donor
site pain. While we found no evidence to suggest treatment with
BMP is more effective for patients with nonunions compared with
control treatment; it does, however, eliminate the need for bone
grafting and thus avoid donor site morbidity. When patients with
critically sized defects of the fibula were treated with BMP-7, in-
vestigators report bone induction with no adverse events.

Economic evaluations

Evidence from economic evaluations of BMP-2 for acute open
tibial fractures is limited by the reliance of all the studies on the
same source of clinical data collected from one RCT (Govender
2002), which means their results are not independent, and also
by the methodological limitations of individual studies. Taking

these important limitations into account, there is evidence that
direct medical costs associated with treatment with the 1.5 mg/mL
dose of BMP-2 are likely to exceed those associated with current
standard treatments but the magnitude of this cost difference is
likely to decrease as fracture severity increases. Observed between-
study variations in the magnitude of direct medical cost differences
between treatment groups are likely to reflect variations in local
prices and in the apportionment of costs, as well as other features of
local context including clinical practice, organisation and delivery
of care and economies of scale. There is also limited evidence to
indicate that a proportion of direct medical costs may be offset
by reduced productivity costs associated with faster healing and
reduced time off work. Amongst employed patients with the most
severe open tibial fractures, the value of reduced productivity costs
could exceed the value of direct medical costs, leading to overall
cost savings. The latter findings may be of particular interest to
third party payers, employers and/or patients who incur financial
costs associated with patients’ absence from work.

Only one full economic evaluation of BMP treatment for acute
open tibial fractures is currently available; a cost-utility analysis
conducted from a UK health care system perspective (Garrison
2007). The overall methodological quality of this study is good. Its
results support the view that BMP-2 treatment is more likely to be
considered economically attractive, compared to current standard
treatments, when used to treat patients with the most severe acute
open tibial fractures (Gustilo-Anderson grades IIIB and IIIC).
Unpublished data from the study also provides some evidence that
BMP-2 treatment may be less likely to be considered economically
attractive when used to treat less severe acute open tibial fractures
(Gustilo-Anderson grades I, IT and IIIA). Placed in the context
of evidence from all currently available economic evaluations, this
study also suggests that BMP-2 treatment may be more likely to
be judged economically attractive when its impact on patients’
quality of life is considered alongside other treatment effects and
costs.

Evidence from one economic evaluation of BMP treatment for
nonunion tibial fractures is limited due to the lack of detail in
the published report and methodological limitations, including
reliance on resource use data sourced using expert opinion (van
Engen 2003). The authors of this study concluded that cost-ef-
fectiveness ratios associated with three treatment opinions (BMP-
7, autograft and Ilizarov fixation) were comparable in the UK but
favoured usual care (fixation with a nail or plate, with autograft
when appropriate) over BMP-7 in Germany.

Overall completeness and applicability of
evidence

The clinical effectiveness of BMP treatment in acute frac-
tures and nonunions is only partially shown. As shown in the
Characteristics of ongoing studies and Characteristics of studies
awaiting classification, further evidence to inform the use of BMP
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for fracture healing is pending and will be included in future up-
dates of this review. This includes a trial comparing 1.5 mg/mL
thBMP-2 versus usual care for 277 patients with open tibial frac-
tures treated with reamed intramedullary nailing (Aro 2010). The
use of reaming for all nails in this trial will counter one of the key
concerns regarding Govender 2002.

The included studies involved patients with varying diagnoses,
including acute tibial fractures, tibial nonunions, critically sized
defects and radial malunions. Patients underwent varying surgical
treatments and received different forms of BMP (mainly BMP-
7). Most studies reported outcomes of interest, however the com-
prehensiveness and comparability of reported outcomes was often
broad. The definitions of successful healing varied widely between
the studies, therefore what one assessor may consider healed may
not apply clinically. The different clinical outcomes reported pre-
vented pooling (for example, different function scores assessed).
No studies reported outcomes related to donor site appearance and
there were limited data on donor site pain. Donor site morbidity
is one of the main adverse events associated with autograft and
needs to be taken into account when determining the appropriate
use of BMP. Results may not be directly applicable to patients with
any serious co-morbidities as any of studies which included them
were excluded.

Quality of the evidence

The overall quality of included RCTs is poor. Most have small
sample sizes and less than half reported methods of randomisation
and allocation. Some failed to use independent blinded assessors
or to perform intention-to-treat analysis. The largest RCT involv-
ing patients with acute fracture (Govender 2002) included only
patients with diaphyseal open fractures and therefore the results
may not be applicable to patients with metaphyseal tibial fractures.
Two of the acute fracture RCTs were funded by industry (Wyeth
Research/Genetic Institute and Stryker Biotech Inc) and several
authors were listed as salaried employees of the company when
these studies were conducted. Reports suggest industry-sponsored
trials are more likely to report results favouring the industry’s prod-
uct (Friedlaender 2004; Lexchin 2006).

Assessing fracture healing radiographically is problematic (
Friedlaender 2001). Assessors must decide how many cortices must
be bridged for union to be considered healed. This varies from
bridging callus in at least one cortex in each plane to three or four
cortices. When autograft bone is used, the assessor must distin-
guish the implanted autograft bone from the new bone. The sub-
jectivity inherent in this process was reflected in the various def-
initions of union success used in the studies. In clinical practice,
union is defined by combined clinical and radiographic findings.
Therefore, studies relying on radiographic evidence alone are less
applicable to clinical practice. Fracture healing is a continuous
process and the quality (strength or stiffness) of any bridging callus
cannot be defined on a radiograph. Most surgeons prefer an end

point measure of healing based on both clinical and radiographic
findings. This means the critical end point is subjective and not
easily quantifiable. The definition of fracture healing is therefore
open to bias, emphasizing the importance of independent, blinded
assessors.

Potential biases in the review process

The review was conducted following criteria in the published pro-
tocol. Comprehensive searches were carried out to identify rele-
vant studies. We tried to contact authors of studies with missing
data with limited response. Two of the included studies are only
available as abstracts, thus limiting the data available. This review,
including data collection and analysis, was conducted indepen-
dently of industry.

Agreements and disagreements with other
studies or reviews

Our findings for nonunion were similar to that by the Agency
for Healthcare and Quality in 2005 (Schoelles 2005), which con-
cluded that an analysis was needed to show that BMP (along with
internal fixation) was not inferior to autogenous bone graft and
that additional studies were needed to replicate the results. Trials
that aim to show the experimental treatment is at least as effi-
cacious as a control treatment are termed “non-inferiority trials”
(Le Henanff 2006). It is not necessary for BMP to be superior to
autologous bone graft, only that it has an equivalent effect and
therefore can be used as a safe alternative. However, the available
evidence is limited and clinically important differences between
the use of BMP and autologous bone graft cannot be persuasively
ruled out.

AUTHORS’ CONCLUSIONS

Implications for practice

This review highlights the paucity of data on the use of BMP in
fracture healing as well as heavy industry involvement in currently
available RCTs and economic evaluations. Current evidence is
mainly limited to the use of BMP for tibial fracture and nonunion.
Data from trials on acute open tibial fractures suggest that BMP
may be more effective than controls, usually surgery alone, for frac-
ture healing and for avoiding the need for secondary procedures
to attain union. This evidence, however, was dominated by one
large trial, which was compromised by an imbalance in the use of
reaming for intermedullary nailing that could have contributed to
the favourable findings for BMP. The use of BMP for treating tib-
ial fracture nonunions remains unclear. Economic evidence is cur-

rently limited with respect to both acute fractures and nonunions,
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but the available evidence indicates that BMP treatment for acute
open tibial fractures may be more likely to be judged favourably,
from an economic perspective, when its use is restricted to pa-
tients with the most severe fractures and where decision-makers
need to consider the impacts of alternative treatments on patients’
productivity and/or health-related quality of life.

Implications for research

Further well-designed RCTs and economic evaluations are needed
to assess the clinical effectiveness and cost-effectiveness of BMP
for acute fractures of the tibia and, in particular, tibial non-unions.
Further investigation is also required to investigate clinical differ-
ences between BMP-2 and BMP-7, their relative effectiveness, and
whether effectiveness is enhanced if their use is combined. Future
economic evaluations of BMP should pay particular attention to
potential variations in incremental costs and cost-effectiveness be-
tween patients with fractures of different grades of severity and
should also consider the impact of alternative treatments on pa-
tients” health-related quality of life. To inform the latter, studies
are needed to establish objective data on patient utility in patient
populations with the types of fractures being evaluated. Depend-

ing on the primary desision-maker, future economic evaluations
should also consider the impact of alternative treatments on pro-
ductivity costs and take into account all relevant treatment op-
tions. Finally, well-designed RCTs and economic evaluations of
BMP for treating fracture locations other than the tibia are also

needed.
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by study ID]

Alt 2006a
Methods Cost analysis, based on a single empirical study (Govender 2002).
Participants  Jurisdiction: Germany.
Analytic perspective: Public health insurance company (third-party payer)
Time horizon: One year.
Diagnosis: Acute open tibial shaft fractures with main diaphyseal component
1.5 mg/mL BMP, with intramedullary nail fixation and routine soft tissue management: 145 patients, 75 with recent
tobacco use
Intramedullary nail fixation and routine soft tissue management: 146 patients, 66 with recent tobacco use
Interventions  All patients had intramedullary nail fixation with routine soft tissue management, with intervention group receiving
1.50 mg/mL rhBMP-2 delivered by absorbable Type I bovine collagen sponge as an adjunct
Outcomes Total direct medical costs per patient.
Total productivity costs (time off work) per patient.
Total costs per patient.
Notes Funded by Medtronic (a medical technology manufacturer and a distributor of thBMP-2)
Calori 2006
Methods Randomised controlled trial
Participants Location: Italy
Number of participants: 29
Diagnosis: Non-reactive post-traumatic long bone non-union or critical size bone defect
thOP-1: 16 patients, 47.42+2.56 mean (SD) age, 15.2+2.46 months mean (SD) duration of
nonunion, 2.5+0.57 (SD) mean number of previous surgeries
Platelet Rich Plasma (PRP): 13 patients, 35.3+1.76 (SD) mean age, 18.8+3.02 (SD) mean
duration of nonunion, 2.6+0.66(SD) mean number of previous surgeries
Interventions Bone fixated with intramedullary nail, plate or external fixator with either:
1. thBMP-7: 3.5¢g in 1g collagen per vial (max. 2 vials)
2. Platelet Rich Plasma (PRP): 10 or 20 ml of platelet gel added to graft
Outcomes Radiographic healing described in terms of callus presence, type of callus/bone repair, callus
staging
Clinical healing described in terms of pain at rest or weight bearing, functionality, walking,
muscular trophism
Time to radiographic and clinical healing.
Failures.
Re-interventions performed.
All at 9 month preliminary follow-up point.
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Calori 2006 (Continued)

Notes Funding source not reported.

Risk of bias

Bias Authors’ judgement Support for judgement

Adequate sequence generation? Unclear risk Not reported

Allocation concealment? Unclear risk Not reported

Blinding? Unclear risk Not reported

All outcomes

Baseline comparability? Unclear risk Not enough details were reported.

Explicit inclusion/exclusion criteria?  Low risk Detailed criteria were reported.
Intention-to-treat analysis? Unclear risk Only preliminary results as study had not ended.
Adequate reporting of drop-outs? Unclear risk No drop outs as study had not ended at time of publication.

Chen 2000
Methods Randomised controlled trial
Participants Location: China
Number of participants: 80
Diagnosis: Nonunion tibia fracture
80 patients with a mean age of 35 (range 25-50), 58 males, 22 females
Interventions 1. 30 received natural non-organic bone (NNB)/BMP
2. 20 received autograft bone
3. 30 received another surgical management not described. (Main surgical procedure not
described either)
Outcomes Healing at 6 months.
Johner-Wruh function score.
Notes Funded by local government.
Risk of bias
Bias Authors’ judgement Support for judgement
Adequate sequence generation? Unclear risk Not reported
Allocation concealment? High risk
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Chen 2000 (Continued)

Blinding? High risk
All outcomes
Baseline comparability? Unclear risk Not enough details reported.
Explicit inclusion/exclusion criteria?  Low risk
Intention-to-treat analysis? Unclear risk Did not report the use of intention-to-treat analysis.
Adequate reporting of drop-outs? Unclear risk Final number of patients at the study endpoint were not re-
ported
Cook 1999
Methods Randomised controlled trial
Participants Location: USA
Number of participants: 30
Diagnosis: Tibial non-union
23 males, 7 females with mean time from injury of 27.2 months (minimum 9 months). 20
patients had previous surgery
Interventions All patients were treated with reamed intramedullary rods and either:
1. BMP-7 on a collagen type 1 carrier (14)
2. autogenous iliac bone crest (16)
Outcomes Radiographic healing defined as bridging with new bone across at least 3 of 4 cortices
Weight bearing ability and pain.
Notes Funded by Creative BioMolecule Inc and Stryker Biotech
Risk of bias
Bias Authors’ judgement Support for judgement
Adequate sequence generation? Unclear risk Quote: “The randomized prospective clinical evaluation.”
Allocation concealment? Unclear risk Not reported
Blinding? Unclear risk Unclear
All outcomes
Baseline comparability? Unclear risk No specific treatment group data were reported.
Explicit inclusion/exclusion criteria?  High risk No details apart from diagnosis.
Intention-to-treat analysis? High risk No statistical analysis reported.
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Cook 1999  (Continued)

Adequate reporting of drop-outs?

Low risk No drop outs.

Ekrol 2008
Methods Randomised controlled trial
Participants Location: UK
Number of participants: 30
Diagnosis: Symptomatic malunion of the distal radius requiring corrective osteotomy
thBMP-7: non-bridging external fixation had mean age of 58 (range 41-81), 3 males, 1 female,
mean time to osteotomy was 42 weeks (range 26-57). internal fixation had mean age of 62
(range 35-78), 0 males, 10 females, mean time to osteotomy was 33 weeks (range 15-57)
Autogenous bone graft: non-bridging external fixation had mean age of 61 (range 25-79), 5
males, 1 female, mean time to osteotomy was 47 weeks (range 5-164 weeks). Internal fixation
had mean age of 57 (range 49-68), 3 males, 7 females, mean time to osteotomy was 52 weeks
(range 15-86)
Interventions All patients underwent corrective osteotomies of the distal radius with either:
1. thBMP-7
2. autogenous bone graft
Outcomes Time to healing.
Functional outcomes including; pain, activities of daily life, grip strength, pronation, supina-
tion, flexion, extension, ulnar deviation, radial deviation
Notes Funding source not reported.
Risk of bias
Bias Authors’ judgement Support for judgement
Adequate sequence generation? Unclear risk Not reported
Allocation concealment? Unclear risk Not reported
Blinding? Low risk Quote: “An independent radiologist blinded to the treatment

All outcomes

allocation assessed healing.”

Baseline comparability?

Low risk Reported characteristics were comparable at baseline, apart
from all males receiving bone graft who underwent internal

fixation
Explicit inclusion/exclusion criteria?  High risk Limited details were reported regarding inclusion and exclu-
sion
Intention-to-treat analysis? Low risk
Bone morphogenetic protein (BMP) for fracture healing in adults (Review) 32

Copyright © 2010 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Ekrol 2008  (Continued)

Adequate reporting of drop-outs?

Low risk No dropouts.

Friedlaender 2001

Methods Randomised controlled trial

Participants Location: USA
Number of participants: 122 (124 nonunions)

Diagnosis: Tibial nonunion

BMP-7: Mean age 38+16, 42 males, 21 females, mean weight 171+47 Ibs, 26 atrophic
nonunions, 47 tobacco users

Autograft: Mean age 31+11, 47 males, 14 females, mean weight 187+40, 15 atrophic
nonunions, 35 tobacco users

Interventions All patients received intramedullary rod insertion with either:

1. thBMP-7 in a type 1 collagen carrier. Dose based on fracture gap present after debridement
(max 3.5 g)
2. fresh autograft bone.

Outcomes Weight bearing at 9 months either with less than severe pain at fracture site or not, radiographic
bridging in at least 1 view or at least 3 views, no surgical re-treatment, physician satisfaction,
operative length, hospital stay length, operative blood loss, degree of donor site pain, adverse
events, antibody production to BMP-7 and type collagen

Notes Funded by Stryker Biotech.

Significantly more atrophic nonunions in BMP-7 group.

Risk of bias

Bias Authors’ judgement Support for judgement

Adequate sequence generation? Unclear risk Not reported

Allocation concealment? Unclear risk Not reported

Blinding? Low risk Quote: “A panel of three musculoskeletal radiologists, blinded

All outcomes

to treatment and time following surgical procedure, indepen-
dently assessed”

Baseline comparability?

Unclear risk Apart from significantly more patients in the OP-1 group with
atrophic nonunions than control group

Explicit inclusion/exclusion criteria?  Low risk Clearly described.

Intention-to-treat analysis? High risk Not performed.

Adequate reporting of drop-outs? Low risk No dropouts
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Garrison 2007

Methods Model-based cost-utility analysis, based on data on effects and resource use collected from a single empirical study
(Govender 2002), supplemented by data on utilities collected from two other utilities studies, data on baseline
population risk collected from a single epidemiological study and data on unit costs collected from published UK
national sources

Participants  Jurisdiction: United Kingdom.

Analytic perspective: United Kingdom health care system.

Time horizon: One year.

Diagnosis: Acute open tibial shaft fractures with main diaphyseal component

1.5 mg/mL BMP, with intramedullary nail fixation and routine soft tissue management: 3330 patients (hypothetical
cohort)

Intramedullary nail fixation and routine soft tissue management: 3330 patients (hypothetical cohort)

Interventions  All patients had intramedullary nail fixation with routine soft tissue management, with intervention group receiving
1.50 mg/mL rthBMP-2 delivered by absorbable Type I bovine collagen sponge as an adjunct

Outcomes Total direct medical costs per patient.

Incremental cost per QALY.
Net cost impact in the United Kingdom.
Notes Funded by UK Health Technology Assessment Programme (Project number 04/34/02)

Geesink 1999

Methods Randomised controlled trial
Participants Location: Netherlands
Number of participants: 24
Diagnosis: Critically sized fibular defect.
Mean age 50 (range 25-73), ratio of 1.2 males to 1 female
Interventions All patients received proximal tibial osteotomies with either:
1. 2.5 mg thBMP-7 and 1 g purified insoluble bovine bone type 1 collagen
2. 2.0 mL demineralised particulate bone with glycerol
3. 1g purified insoluble bovine type 1 collagen
4. no treatment
Outcomes Radiologic evaluation categorised as ’bridging’, ’bone formation’” or 'no bone formation’
Bone mineral density was evaluated by Dual Energy X-Ray absorptiometry
Clinical evaluation including Hospital for Special Surgery Knee score, pain at site assessment
and patient satisfaction
Antibodies to BMP-7 or bovine type 1 collagen with a reaction defined as fourfold increase
in Ab titres
Notes Funded by Stryker Biotech
Risk of bias
Bias Authors’ judgement Support for judgement
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Geesink 1999  (Continued)

Adequate sequence generation? Unclear risk Quote: “Patients were assigned to one of four groups.”
Allocation concealment? Unclear risk Not reported

Blinding? Low risk Quote: “Evaluated blindly by two orthopaedic surgeons inde-
All outcomes pendently.”

Baseline comparability? Low risk

Explicit inclusion/exclusion criteria?  High risk Quote: “Complied with the criteria of the study”.
Intention-to-treat analysis? High risk

Adequate reporting of drop-outs? High risk Quote: “Three patients each missed one follow-up appoint-

ment, one at one week after surgery and two at one year, al-
though they were not known to be experiencing problems re-
lated to treatment”

Govender 2002

Methods Randomised controlled trial

Participants Location: Australia, Belgium, Canada, United Kingdom, Finland, France, Germany, Israel,
Netherlands, Norway and South Africa
Number of participants: 450
Diagnosis: Acute open fractures with main diaphyseal component
0.75 mg/mL BMP: Mean age 37 (range 17-78), 120 males, 31 females, 73 with recent tobacco
use
1.5 mg/mL BMP: Mean age 33 (range 18-77), 126 males, 23 females, 75 with recent tobacco
use
Surgery alone: Mean age 37 (17-87), 118 males, 32 females, 66 with recent tobacco use

Interventions All patients had intramedullary nail fixation and routine soft tissue management with two of
three groups receiving either:
1. absorbable collage sponge with 0.75 mg/mL rhBMP-2
2. absorbable collagen sponge with 1.50 mg/mL thBMP-2
3. control group: surgery alone
Significantly more patients received reamed nailing in group 2 (33% versus 41% versus 27%
of followed-up patients)

Outcomes Requirement of secondary intervention due to delayed union or nonunion within 12 months
Time to secondary intervention and degree of invasiveness of secondary intervention
Effect of wound severity on need for secondary intervention.
Effect of smoking on need for secondary intervention.
Fracture healing, defined as healed when 2 of 3 radiologists reported cortical bridging and/
or disappearance of the fracture lines on at least 3 of 4 cortices on anteroposterior and lateral
radiographs and full weight bearing and lack of tenderness at the fracture site of palpation
Performance or recommendation of secondary intervention was considered failure
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Govender 2002  (Continued)

Adverse events, infection and antibody assays to thBMP-2, bovine type 1 collagen and human

type 1 collagen

Notes Funded by Wyeth Research/ Genetics Institute
Risk of bias
Bias Authors’ judgement Support for judgement
Adequate sequence generation? Low risk Quote: “On the basis of a prospectively define, stratified,
blocked randomization schedule, treatments were assigned
with use of a central, twenty-four-hour, automated system”
Allocation concealment? Low risk Adequate based on randomisation method.
Blinding? Low risk Quote: “blinded, independent radiographic assessments”.
All outcomes
Baseline comparability? High risk Patient characteristics were comparable apart from the 1.5 mg/
mL BMP group had a significantly greater number of younger
patients than the 0.75 mg/mL and control groups
Explicit inclusion/exclusion criteria?  High risk
Intention-to-treat analysis? Low risk Patients analysed in group randomised to, regardless of treat-
ment
Adequate reporting of drop-outs? Low risk Number of dropouts and reasons given.
Jones 2004
Methods Cost analysis, based on a single empirical study (Govender 2002).

Participants  Jurisdiction: United States of America.

Analytic perspective: 1. Hospital (single provider); 2. Insurer (third-party payer)

Time horizon: Two years.

Diagnosis: Acute open tibial shaft fractures with main diaphyseal component

1.5 mg/mL BMP, with intramedullary nail fixation and routine soft tissue management: 145 patients, 75 with recent

tobacco use

Intramedullary nail fixation and routine soft tissue management: 147 patients, 66 with recent tobacco use

Interventions  All patients had intramedullary nail fixation with routine soft tissue management, with intervention group receiving

1.50 mg/mL rthBMP-2 delivered by absorbable Type I bovine collagen sponge as an adjunct

Outcomes Total direct medical costs.

Notes Funding source not stated.
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Jones 2006

Methods Randomised controlled trial
Participants Location: USA
Number of participants: 30
Diagnosis: Diaphyseal tibial fractures with cortical defects
thBMP-2: Mean age 36 (range18-51), 14 males, 1 female, 6 used tobacco within 1 month of
the surgery
Autogenous iliac crest bone graft: Mean age 38 (range 18-71), 13 males, 2 females, 4 used
tobacco within 1 month of the surgery
Interventions All patients underwent staged reconstruction of the tibial defect with either:
1. 1.5 mg/mL thBMP-2 (12 mg total dose) on type 1 collagen sponge with allograft bone
2. autogenous iliac crest bone graft
Outcomes Clinical and radiographic healing, surgical morbidity, health related quality of life, number of
secondary interventions, operative length, blood loss during surgery, adverse events
Notes Funded by Wyeth Research
Risk of bias
Bias Authors’ judgement Support for judgement
Adequate sequence generation? Unclear risk Only indication is use of term ’randomized’.
Allocation concealment? Unclear risk Not reported
Blinding? Low risk Quote: ”A blinded independent musculoskeletal radiologist
All outcomes performed separate assessment of outcomes at the end of the
trial.
Baseline comparability? Low risk Patients were comparable.
Explicit inclusion/exclusion criteria?  Low risk Clearly described.
Intention-to-treat analysis? Low risk Quote: ”All data were analyzed on an intent-to-treat basis (i.e.,

patient data were included in the treatment group and stratum
to which the patient had been randomly assigned).*

Adequate reporting of drop-outs?

Unclear risk Quote: "Six patients were lost to follow-up before completion
of the full twelve-month follow-up period but after fracture-
healing had been established
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Maniscalco 2002

Methods Randomised controlled trial

Participants Location: Italy
Number of participants: 14
Diagnosis: Closed tibial fracture
OP-1: Mean age 47 (range 26-68), 6 males, 1 female.
Control: Mean age 40 (range 21-53), 7 males, 0 females.

Interventions 1. All patients had monolateral external fixation treatment; BMP-7 applied to the fracture site
after the external fixator was applied (7)
2. Control (7)

Outcomes Fracture union, defined as presence of callus bridging the fracture site on antero-posterior and
lateral radiographs and clinically by the absence of pain and motion at the fracture site
Toxicity outcomes from blood and urine tests.

Notes Funding source not reported.

Risk of bias

Bias Authors’ judgement Support for judgement

Adequate sequence generation? Unclear risk Not reported.

Allocation concealment? Unclear risk Not reported.

Blinding? High risk No assessors were blinded.

All outcomes

Baseline comparability? Unclear risk Not reported.

Explicit inclusion/exclusion criteria?  Unclear risk Not reported.

Intention-to-treat analysis? Unclear risk Not reported.

Adequate reporting of drop-outs? Low risk No dropouts.

McKee 2002
Methods Randomised controlled trial
Participants Location: Not reported
Number of participants: 124
Diagnosis: Open tibial shaft fractures amenable to intramedullary nailing
No further patient characteristics reported.
Interventions 1. thBMP-7 and intramedullary (IM) nailing
2. IM nailing alone
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McKee 2002 (Continued)

Outcomes Pain on weight bearing, pain with activity, adverse events, number of secondary interventions
Notes Funding source not reported.

Abstract only.
Riske of bias
Bias Authors’ judgement Support for judgement
Adequate sequence generation? Unclear risk Not reported.
Allocation concealment? Unclear risk Not reported.
Blinding? Unclear risk Not reported.
All outcomes
Baseline comparability? Unclear risk No details given.
Explicit inclusion/exclusion criteria?  High risk No details given.
Intention-to-treat analysis? Unclear risk Not reported.
Adequate reporting of drop-outs? Low risk No dropouts.

Perry 1997

Methods Randomised controlled trial with a cost analysis

Participants Location: Not reported
Number of participants: 41
Diagnosis: Nonunions amenable to intramedullary (IM) nailing

Interventions 1. intramedullary nailing
1. BMP-7
2. autograft

Outcomes Consolidation of nonunion, operative length, hospital stay length, complications, autograph
pain and treatment cost

Notes Funding source not reported.
Abstract (poster) only.
The lack of information on which cost (resource use) components are included in estimates
of "cost of treatment’ severely limits the value of these data and is the main reason the we
excluded the cost analysis component of this study from the review

Risk of bias
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Perry 1997  (Continued)

Bias Authors’ judgement Support for judgement

Adequate sequence generation? Unclear risk Not reported.

Allocation concealment? Unclear risk Not reported.

Blinding? Unclear risk Not reported.

All outcomes

Baseline comparability? Unclear risk No gender or age data provided. Quote: “du-

ration of nonunion, number of prior surgeries
and smoking history were similar in OP-1 and
autograft groups”

Explicit inclusion/exclusion criteria?  High risk Not reported.
Intention-to-treat analysis? Unclear risk Not reported.
Adequate reporting of drop-outs? Low risk No dropouts reported.

van Engen 2003

Methods Model-based cost-effectiveness analysis (source of clinical data not stated)

Participants ~ Jurisdiction: 1. United Kingdom; 2. Germany.
Analytic perspective: Hospital (single provider).
Time horizon: Not stated.
Diagnosis: Nonunion tibial shaft fracture acquired secondary to trauma
UK: OP-1 (BMP-7) (dosage not stated) with intramedullary nail fixation and routine soft tissue management: No
details of participants reported
UK: Autograft (autogenous iliac crest bone graft) with intramedullary nail fixation and routine soft tissue management:
No details of participants reported
UK: Ilizarov fixation with intramedullary nail fixation and routine soft-tissue management: No details of participants
reported
Germany: OP-1 (BMP-7) (dosage not stated) with intramedullary nail fixation and routine soft tissue management:
No details of participants reported
Germany: Intramedullary nail fixation and routine soft tissue management, with autograft (autogenous iliac crest
bone graft) if appropriate: No details of participants reported

Interventions  UK: Patients received either OP-1 (BMP-7) (dosage not stated) as an adjunct to intramedullary nail fixation and
routine soft tissue management (treatment), or Autograft (autogenous iliac crest bone graft) as an adjunct to IM
with routine soft-tissue management (Control 1), or Ilizarov fixation as an adjunct to IM with routine soft-tissue
management (Control 2)
Germany: Patients received either OP-1 (BMP-7) (dosage not stated) as an adjunct to intramedullary nail fixation
and routine soft tissue management (treatment), or intramedullary nail fixation and routine soft tissue management,
with autograft (autogenous iliac crest bone graft) if appropriate
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van Engen 2003

(Continued)

Outcomes Total direct medical costs per patient.
Incremental cost per healed fracture.
Notes Funding source not stated.

Characteristics of excluded studies /[ordered by study ID]

Study Reason for exclusion

Alt 2006b Study is not a full or partial economic evaluation - no quantitative analysis reported

Ale 2009 The emphasis of the revised analysis is on the difference between countries, focusing on grade III only as the patient
group for which use of BMP-2 is most likely to be judged favourably from an economic point of view, and that its
inclusion would be unlikely to significantly affect the conclusions of the economics component of this first version
of the review

Bilic 2006 Study includes patients younger than 16 years old.

Csimma 2005  Just a commentary on conducting multi-centre trials that refers to Govender 2002

Dahabreh 2007  Concern regarding selection bias - study is an economic analysis which compares costs of treatment prior to use of
BMP with costs of treatment after use of BMP in the same sample of patients

Kanakaris 2007  Study is not a full or partial economic evaluation - no original analysis reported

Khan 2004 Study is not a full or partial economic evaluation.

MAS 2005 Study is not a full or partial economic evaluation.

WSDLI 2003 Study is not a full or partial economic evaluation - no original analysis reported

Xiao 2007 Patients had a serious co-morbidity: osteoporosis.

Characteristics of studies awaiting assessment /[ordered by study ID]

Aro 2010
Methods Randomised single-blind trial, stratified by fracture severity
Participants 277 patients with open tibial fractures
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Aro 2010 (Continued)

Interventions

Standard of care plus an absorbable collagen sponge implant containing thBMP-2 1.5 mg/mL (total 12.0 mg) versus
standard of care
Standard of care was reamed intramedullary nail fixation and routine soft-tissue management

Outcomes Fracture healing, secondary procedures, adverse events including infection
Notes Trial dates or funding not detailed.
US Study Group

Methods Randomised controlled trial.

Participants 60 patients with open tibial fractures

Interventions  All patients had intramedullary nail fixation and routine soft tissue management with two of three groups receiving
either:

1. absorbable collage sponge with 0.75 mg/mL rhBMP-2
2. absorbable collagen sponge with 1.50 mg/mL thBMP-2
3. control group: surgery alone

Outcomes These will have included:

Requirement of secondary intervention due to delayed union or nonunion within 12 months
Time to secondary intervention and degree of invasiveness of secondary intervention
Infection.

Notes Study was conducted at 10 centres in USA. It used the same study methods / design as Govender 2002. An analysis
including a subgroup of participants from this trial and Govender 2002 was published in Swiontkowski 2006.
Communication from Prof Swiontkowski confirmed that this trial was sponsored by Wyeth and has never been
published independently as it was underpowered for the pre-determined endpoints

Wyeth

Methods Treatment, randomised, double-blind, active control, parallel assignment, safety study

Participants ~ Estimated 367 patients with closed diaphyseal tibial fractures

Interventions  Single injection of thBMP-2/CPM versus standard of care

Outcomes Primary outcome measures: The primary objective of this study is to assess whether a single dose of thBMP-2/CPM
administered in combination with the SOC accelerates fracture union and return to normal function as indicated on
radiographs and functional evaluations. [Time frame: efficacy will be demonstrated if there is a greater than or equal
to 4 week reduction in time to fracture union and time to FWB without pain between either of the active treatment
groups and the SOC control group | [Designated as safety issue: No]

Secondary outcome measures: Demonstrate safety of thBMP-2/CPM administration; demonstrate earlier return to
function; assess feasibility of rhBMP-2CPM administration. Subject enrolment 12 months [Time frame: 12 months]
[Designated as safety issue: Yes]
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Wyeth  (Continued)

Notes

Start date: November 2006. The trial was terminated. The last patients to be followed for safety reasons were at

Norwich, UK. A final report is expected by the end of 2010

Characteristics of ongoing studies /[ordered by study ID]

Cannada

Trial name or title

thBMP-2 versus autograft in critical size tibial defects

Methods Randomized, single blind (outcomes assessor), parallel assignment, safety/efficacy study

Participants Estimated 50 patients with open tibia fracture with bone defect

Interventions recombinant human bone morphogenetic protein 2 (thBMP-2) versus autogenous iliac crest bone graft
Outcomes Primary outcome measures: Fracture healing (union) at 12 months

Secondary outcome measures: Wound healing and infection [Time frame: The patients in both groups will
be evaluated at 2 weeks, 6 weeks, 12 weeks, 18 weeks, 6 months and 12 months]
Cost-effectiveness evaluation [Time frame: 12 months post op]

Starting date

March 2009

Contact information

Contact: Lisa Cannada, MD
Contact: Mark Zocchi

Notes

Leighton

Trial name or title

A randomised controlled cost study of infuse BMP 2 vs iliac crest autograft for non union of long bone

fractures
Methods Randomised, single blind (participant), active control, parallel assignment, safety/efficacy study
Participants Estimated 80 patients with nonunion diaphyseal fractures
Interventions Infuse bone morphogenic protein (BMP) 2
versus iliac crest autograft
Outcomes Primary outcome measures: cost analysis based on length of hospital stay, allograft, blood products and costs
associated with complications and/ or re-admission. [Time Frame: 2 years]
Secondary outcome measures: Secondary efficacy end points will be the radiographic assessment of healing
(RUST scale), the clinical assessment of weight-bearing status at 6 months post treatment, and the incidence
of additional surgical/medical interventions to promote healing. [Time frame: 2 years]
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Leighton  (Continued)

Starting date

March 2009

Contact information

Dr. Ross Leighton

Notes

Verdonk

Trial name or title

A prospective randomised controlled trial on the use of bone morphogenetic 7 (BMP-7) (OP-1®) and
demineralized bone matrix in tibial non-union

Methods Prospective, randomised partially-blinded study
Participants Estimated 30 patients with non-union of diaphyseal tibial fracture
Interventions BMP-7 in adjunct to fresh frozen allograft versus
allograft together with demineralised bone matrix
Outcomes Primary outcome measures: X-ray evaluation [Time frame: After 9 months] [Designated as safety issue: No]

Change in VAS and LEFS scores [Time frame: After 9 months] [Designated as safety issue: Yes]

Secondary outcome measures: Time of incapacity to work [Time frame: Until ability to work ] [Designated
as safety issue: No]

Change in SF-36 [Time Frame: After 4 years] [Designated as safety issue: No]

Total socio-economic cost estimation [Time frame: After 4 years] [ Designated as safety issue: No]
Repeated surgery (minor and major) [Time frame: After 4 years | [Designated as safety issue: Yes]

(Surgical) complications [Time frame: After 4 years] [Designated as safety issue: Yes]

Ability to bear weight (% of body weight) [Time frame: After 4 years]

Starting date

October 2007

Contact information

Stefan Desmyter, MD stefandesmyter@yahoo.com

Notes

Wyeth(a)

Trial name or title

A phase 2, multicenter, single-blind, randomised, stratifies, standard-of-care controlled, feasibility and safety
study of th-BMP-2/CPM as an adjuvant therapy for fractures of the proximal femur

Methods Randomised controlled trial
Participants 108 patients with proximal femur fractures
Interventions rhBMP-2 and CPM versus standard of care
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Wyeth(a) (Continued)

Outcomes

To demonstrate the safety of administering thBMP-2/CPM (either 1mg/ml or 2mg/ml) as an adjunct to
internal fixation in subjects with fractures of the proximal femur. The key safety outcome is the incidence of
secondary fracture displacement among subjects treated with th-BMP-2/CPM and those receiving standard
surgical treatment (internal fixation) alone. To establish a satisfactory method of administering thBMP-2/
CPM to implement in a phase 3 efficacy trial in this clinical indication. To estimate the success and failure
rates associated with key fracture outcomes

Starting date

21/03/2007

Contact information

Mr AD Patel

Consultant Orthopaedic Surgeon

Institute of Orthopaedics

Norfolk and Norwich University Hospital NHS Trust
Colney Lane

Norwich

NR4 70Y

Telephone: 01603 286711

Fax: 01603 287140

E-mail: AD.Patel@nnuh.nhs.uk

Notes

Wyeth(b)

Trial name or title

A study of thBMP-2/CPM in closed fractures of the humerus

Methods Treatment, randomised, double blind (participant, investigator), active control, parallel assignment, safety/
efficacy study
Participants 139 patients with closed humeral fractures
Interventions A: Experimental 1.0 mg/mL thBMP-2/CPM + SOC
B: Experimental 2.0 mg/mL rhBMP-2/CPM + SOC
C: Active comparator buffer/CPM + SOC
D Standard of care alone (SOC)
Outcomes The primary efficacy variable in this study is radiographic union. [Time frame: Fracture union is assessed at

4, 6, 8, 10, 12, 16, 26 and 52 week visits. The goal of acceleration of fracture union will be met if median
time to radiographic fracture union is decreased by 4 weeks in an active treatment arm compared to SOC
alone.]

Starting date

November 2006

Contact information

Principle investigator: Trial manager for Brazil, xavierl@wyeth.com
Principle investigator: Trial manager for Mexico, gomezzlj@wyeth.com

Notes
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Wyeth(c)

Trial name or title

Study evaluating rhBMP-2/CPM in closed distal radius fractures

Methods Treatment, randomised, double-blind, placebo control, single group assignment, safety study

Participants Estimated 40 patients with closed distal radius fractures

Interventions rthBMP-2/CPM versus standard of care control

Outcomes Primary outcome measures: Determine the safety of administering thBMP-2/CPM to subjects with distal

radius fractures that require surgical fixation.

Secondary outcome measures: Feasibility of the test article injection procedure and localization of the test
article relative to the distal radius fracture site

Starting date

September 2005

Contact information

Principal investigator: Trial Manager for Finland, MedInfoNord@wyeth.com

Notes
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DATA AND ANALYSES

Comparison 1. BMP versus control (usually surgery alone) or bone graft

Outcome or subgroup title

No. of
studies

No. of
participants

Statistical method

Effect size

1 Participants with acute tibial
fracture attaining union
without secondary procedure

2 Participants with prior nonunion
of the long bones attaining
union

3 Participants attaining union
without secondary intervention
after osteotomy for radial
malunion

4 Acute fracture: participants
requiring secondary procedure
to attain union

5 Participants with nonunion of
the tibia or other long bone
requiring secondary procedure
to attain union

6 Post corrective osteotomy for
radial malunion: participants
requiring secondary procedure
to attain union

7 Acute fracture: participants with
hardware failure

8 Participants with nonunion of
the tibia or other long bone:
hardware failure

3

481

286

576

153

467

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

Risk Ratio (M-H, Random, 95% CI)

1.19 [0.99, 1.43]

1.02 [0.90, 1.15]

Totals not selected

0.65 [0.50, 0.83]

0.41 [0.13, 1.28]

Totals not selected

0.64 [0.42, 0.96]

Totals not selected
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Analysis |.1. Comparison | BMP versus control (usually surgery alone) or bone graft, Outcome |
Participants with acute tibial fracture attaining union without secondary procedure.

Review: Bone morphogenetic protein (BMP) for fracture healing in adults

Comparison: | BMP versus control (usually surgery alone) or bone graft
Outcome: | Participants with acute tibial fracture attaining union without secondary procedure
Control or
Study or subgroup BMP bone graft Risk Ratio Weight Risk Ratio
M- M-
H,Random,95% H,Random,95%
n/N n/N Cl Cl
Govender 2002 92/145 33/74 ol 273 % 142107, 1.89]
Govender 2002 751145 33/73 - 255 % I.147085, 1.54]
Jones 2006 13/15 10/15 ™ 159 % 1.30 [ 0.86, 1.96 ]
Maniscalco 2002 717 717 = 313% 1.00[0.78, 1.29 ]
Total (95% CI) 312 169 * 100.0 % 1.19 [ 0.99, 1.43 ]
Total events: 187 (BMP), 83 (Control or bone graft)
Heterogeneity: Tau? = 0.01; Chi? = 4.43, df = 3 (P = 022); I*> =32%
Test for overall effect: Z = 1.84 (P = 0.065)
01 02 05 I 2 5 10
Favours control Favours BMP
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Analysis 1.2. Comparison | BMP versus control (usually surgery alone) or bone graft, Outcome 2
Participants with prior nonunion of the long bones attaining union.

Review: Bone morphogenetic protein (BMP) for fracture healing in adults
Comparison: | BMP versus control (usually surgery alone) or bone graft

Outcome: 2 Participants with prior nonunion of the long bones attaining union

Bone graft
Study or subgroup BMP or control Risk Ratio Weight Risk Ratio
M- M-
H,Random,95% H,Random,95%
n/N n/N Cl Cl
Calori 2006 15/16 8/13 T 6.6 % 1.52[097,238]
Chen 2000 30/30 20/20 u 394 % 1.00[ 092, 1.08]
Cook 1999 12/14 I5/16 —- 16.3 % 091 [071,1.17]
Friedlaender 200 39/63 45/61 =T 166 % 0.84[0.66, 1.07 ]
Geesink 1999 5/6 4/6 - 32% 1.25[0.64,244]
Perry 1997 19120 17121 ™ 179 % [.17 093, 148]
Total (95% CI) 149 137 * 100.0 % 1.02 [ 0.90, 1.15 ]
Total events: 120 (BMP), 109 (Bone graft or control)
Heterogeneity: Tau? = 0.01; Chi? = 8.15,df = 5 (P = 0.15); I> =39%
Test for overall effect: Z = 031 (P = 0.75)
0.2 0.5 | 2 5

Favours bone graft

Favours BMP

Analysis 1.3. Comparison | BMP versus control (usually surgery alone) or bone graft, Outcome 3
Participants attaining union without secondary intervention after osteotomy for radial malunion.

Review: Bone morphogenetic protein (BMP) for fracture healing in adults
Comparison: | BMP versus control (usually surgery alone) or bone graft

Outcome:

3 Participants attaining union without secondary intervention after osteotomy for radial malunion

Study or subgroup BMP Bone graft Risk Ratio Risk Ratio
HRandom,95% HRandom 95%
n/N n/N Cl Cl
Ekrol 2008 10/14 15/16 T 076053, 1.09]
0.2 05 | 2 5

Favours bone graft Favours BMP
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Analysis 1.4. Comparison | BMP versus control (usually surgery alone) or bone graft, Outcome 4 Acute
fracture: participants requiring secondary procedure to attain union.

Review: Bone morphogenetic protein (BMP) for fracture healing in adults
Comparison: | BMP versus control (usually surgery alone) or bone graft

Outcome: 4 Acute fracture: participants requiring secondary procedure to attain union

Control or
Study or subgroup BMP bone graft Risk Ratio Weight Risk Ratio
M- M-
H,Random,95% H,Random,95%
n/N n/N Cl
Govender 2002 51/138 33/71 1 48.1 % 0.80[057, I.11]
Govender 2002 37/142 33/71 = 39.0% 0.56[0.39,081]
Jones 2006 2/15 5/15 - 28 % 040[0.09, 1.75]
McKee 2002 8/62 17/62 ™ 10.1 % 0471022, 101]
Total (95% CI) 357 219 * 100.0 % 0.65 [ 0.50, 0.83 ]
Total events: 98 (BMP), 88 (Control or bone graft)
Heterogeneity: Tau? = 0.00; Chi? = 3.18, df = 3 (P = 0.36); I> =6%
Test for overall effect: Z = 3.48 (P = 0.00050)
Test for subgroup differences: Not applicable
0.0l 0.1 | 10 100
Favours BMP Favours control
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Analysis 1.5. Comparison | BMP versus control (usually surgery alone) or bone graft, Outcome 5
Participants with nonunion of the tibia or other long bone requiring secondary procedure to attain union.

Review: Bone morphogenetic protein (BMP) for fracture healing in adults

Comparison: | BMP versus control (usually surgery alone) or bone graft

Outcome: 5 Participants with nonunion of the tibia or other long bone requiring secondary procedure to attain union

Control or
Study or subgroup BMP bone graft Risk Ratio Weight Risk Ratio
M- M-
HRandom 95% HRandom 95%
n/N n/N Cl
Calori 2006 /16 3/13 - 28.1 % 027[003,231]
Friedlaender 2001 3/63 6/61 —- 719 % 048[0.13,1.85]
Total (95% CI) 79 74 - 100.0 % 0.41[0.13,1.28 ]
Total events: 4 (BMP), 9 (Control or bone graft)
Heterogeneity: Tau? = 0.0; Chi> = 0.20, df = | (P = 0.65); I> =0.0%
Test for overall effect: Z = 1.53 (P = 0.13)
Test for subgroup differences: Not applicable
0.005 0.1 10 200

Favours BMP

Favours control

Analysis 1.6. Comparison | BMP versus control (usually surgery alone) or bone graft, Outcome 6 Post
corrective osteotomy for radial malunion: participants requiring secondary procedure to attain union.

Review: Bone morphogenetic protein (BMP) for fracture healing in adults

Comparison: | BMP versus control (usually surgery alone) or bone graft

Outcome: 6 Post corrective osteotomy for radial malunion: participants requiring secondary procedure to attain union

Study or subgroup BMP Bone graft Risk Ratio Risk Ratio
M- M-
H,Random,95% H,Random,95%
n/N n/N cl Cl
Ekrol 2008 5/14 7116 I 0.82[0.33,200]
02 0.5 | 2 5
Favours BMP Favours bone graft

Bone morphogenetic protein (BMP) for fracture healing in adults (Review)
Copyright © 2010 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

51



Analysis 1.7. Comparison | BMP versus control (usually surgery alone) or bone graft, Outcome 7 Acute

fracture: participants with hardware failure.

Review: Bone morphogenetic protein (BMP) for fracture healing in adults
Comparison: | BMP versus control (usually surgery alone) or bone graft

Outcome: 7 Acute fracture: participants with hardware failure

Control or
Study or subgroup BMP bone graft Risk Ratio Weight Risk Ratio
H,Random,95% H,Random,95%
n/N n/N Cl Cl
Govender 2002 16/145 16/74 L 430 % 051 [027,096]
Govender 2002 25/145 16/73 L 550 % 0.79 [ 045, 1.38]
Jones 2006 0/15 2/15 T 20% 020[001,385]
Total (95% CI) 305 162 * 100.0 % 0.64 [ 0.42, 0.96 ]
Total events: 41 (BMP), 34 (Control or bone graft)
Heterogeneity: Tau? = 0.0; Chi> = 1.61, df = 2 (P = 045); I> =0.0%
Test for overall effect: Z = 2.14 (P = 0.033)
Test for subgroup differences: Not applicable
0001001 O | 10 100 1000

Favours BMP Favours control

Analysis 1.8. Comparison | BMP versus control (usually surgery alone) or bone graft, Outcome 8
Participants with nonunion of the tibia or other long bone: hardware failure.

Review: Bone morphogenetic protein (BMP) for fracture healing in adults

Comparison: | BMP versus control (usually surgery alone) or bone graft
Outcome: 8 Participants with nonunion of the tibia or other long bone: hardware failure
Study or subgroup BMP Bone graft Risk Ratio Risk Ratio
M- M-
HRandom 95% HRandom 95%
n/N n/N Cl
Friedlaender 2001 25/61 34/61 - 074051, 1.07]
0.005 0.1 | 10 200
Favours BMP Favours bone graft
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ADDITIONAL TABLES

Table 1. Time to fracture healing

Study Intervention Group Time to Healing
Acute fractures
Alt 2006a* BMP Median 149 days
Mean 191 days (95% CI 64 to 375)
Control Median 197 days
Mean 224 days (95% CI 56 to 365)
Garrison 2007 BMP Gustilo-Anderson grade IIIC: Mean 33 weeks (95% CI 16 to 49)
Gustilo-Anderson grade IIIB: Mean 33 weeks (95% CI 16 to 49)
Gustilo-Anderson grade IITA: Mean 31 weeks (95% CI 15 to 46)
Gustilo-Anderson grade II: Mean 21 weeks (95% CI 11 to 32)
Gustilo-Anderson grade I: Mean 26 weeks (95% CI 14 to 41)
Control Gustilo-Anderson grade IIIC: Mean 44 weeks (95% CI 22 to 66)

Gustilo-Anderson grade IIIB: Mean 44 weeks (95% CI 22 to 66)

Gustilo-Anderson grade IIIA: Mean 36 weeks (95% CI 18 to 53)

Gustilo-Anderson grade II: Mean 27weeks (95% CI 13 to 40)

Gustilo-Anderson grade I: Mean 30 weeks (95% CI 15 to 45)

Govender 2002 0.75 mg/mL BMP Median 184 days
1.50 mg/mL BMP Median 145 days
Control Median 184 days
Jones 2006 BMP Median 184 days (95% CI 124 to 295 )
Control Median 176 days (95% CI 127 to 263 )
Maniscalco 2002 BMP Mean 135 days (range 120 to 165 )
Control Mean 131 days (range 124 to 164 )

Nonunion or critical defect
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Table 1. Time to fracture healing

(Continued)

Calori 2006

BMP

Mean 8 + 0.43 months

Control

Mean 9 + 0.49 months

Corrective osteotomy for malunion

Ekrol 2008 BMP - external fixation Mean 13 weeks (range 8 to 18)

BMP - internal fixation Mean 18 weeks (range 4 to 46)

Control - external fixation Mean 7 weeks (range 4 to 12)

Control - internal fixation ~ Mean 7 weeks (range 4 to 13)

BMP: bone morphogenetic protein
CI: confidence interval
* : based on secondary analysis of unpublished individual-level data

Table 2. Acute fractures healed at study endpoint

Study BMP group  Control group

Govender 2002 0.75 mg/mL  75/145 (52%)  33/73 (45%)

Govender 2002 1.50 mg/mL  92/145 (63%) 33/74 (45%)

Jones 2006 13/15 (87%)  10/15 (67%)

Maniscalco 2002 717 (100%) 717 (100%)

Table 3. Nonunion fractures healed at study endpoint

Study BMP group  Control group
Calori 2006 15/16 (94%)  8/13 (62%)
Chen 2000 30/30 (100%) 20/20 (100%)
Cook 1999 12/14 (86%) 15/16 (94%)

Friedlaender 2001  39/63 (62%)  45/61 (74%)

Geesink 1999 5/6 (83%) 4/6 (67%)

Perry 1997 19/20 (95%) 17/21 (81%)

Bone morphogenetic protein (BMP) for fracture healing in adults (Review)
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APPENDICES

Appendix |. Search strategies

The Cochrane Library (Wiley InterScience)

#1 ((bone morphogen* or osteogen* or osteoinduct®) NEAR (protein* or factor® or polypeptide* or poly-peptide™)):ti,ab,kw
#2 (BMP or BMP2 or BMP-2 or BMP7 or BMP-7):ti,ab,kw

#3 (thBMP or thBMP2 or thBMP-2 or thBMP7 or thBMP-7):ti,ab,kw

#4 (th-BMP or rth-BMP2 or rh-BMP-2 or th-BMP7 or rth-BMP-7):ti,ab,kw
#5 (thop1 or rhop-1):ti,ab,kw

#6 (opl or op-1):ti,ab,kw

#7 MeSH descriptor Bone Morphogenetic Proteins explode all trees

#8 (fracture*):ti,ab,kw

#9 MeSH descriptor Fractures, Bone explode all trees

#10 (nonunion or non-union):ti,ab,kw

#11 (non-heal*):ti,ab,kw

#12 (union):ti,ab,kw

#13 (heal or healed or heals or healing):ti,ab,kw

#14 (allograft* or autograft*):ti,ab,kw

#15 (#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7)

#16 (#8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14)

#17 (#15 AND #16)

MEDLINE (OVID interface)

1. ((bone morphogen$ or osteogen$ or osteoinduct$) adj (protein$ or factor$ or polypeptide$ or poly-peptide$)).ti,ab.
2. (BMP or BMP2 or BMP-2 or BMP7 or BMP-7).ti,ab.

3. (thBMP or thBMP2 or thBMP-2 or thBMP7 or thBMP-7).ti,ab.
4. (th-BMP or th-BMP2 or th-BMP-2 or th-BMP7 or rth-BMP-7).ti,ab.
5. (thop1 or rhop-1).ti,ab.

6. (op1 or op-1).ti,ab.

7. exp Bone Morphogenetic Proteins/

8. fracture$.ti,ab.

9. exp Fractures, bone/

10. (nonunion or non-union).ti,ab.

11. non-heal$.ti,ab.

12. union.ti,ab.

13. (heal or healed or heals or healing).ti,ab.

14. (allograft$ or autograft$).ti,ab.

15. (or/1-7) and (or/8-14)

16. Randomized controlled trial.pt

17. Controlled clinical trial.pt.

18. Randomized controlled trials/

19. Random allocation/

20. Double blind method/

21. Single blind method/

22. or/16-21

23. Animals/ not Humans/

24. 22 not 23

25. Clinical trial.pt.

26. exp Clinical trials as topic/

Bone morphogenetic protein (BMP) for fracture healing in adults (Review)
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27. (clin$ adj25 trial$).ti,ab.
28. ((singl$ or doubl$ or trebl$ or tripl$) adj25 (blind$ or masks$)).ti,ab.
29. Placebos/

30. placebo$.ti,ab.

31. random$.ti,ab.

32. Research design/

33. or/25-32

34. 33 not 23

35. 34 not 24

36. 24 or 35

37.and/15,36

EMBASE (OVID interface)

1. ((bone morphogen$ or osteogen$ or osteoinduct$) adj (protein$ or factor$ or polypeptide$ or poly-peptide$)).ti,ab.
2. (BMP or BMP2 or BMP-2 or BMP7 or BMP-7).ti,ab.

3. (thBMP or thBMP2 or thBMP-2 or thBMP7 or thBMP-7).ti,ab.

4. (th-BMP or th-BMP2 or th-BMP-2 or rh-BMP7 or th-BMP-7).ti,ab.

5. (thop! or rhop-1).ti,ab.

6. (opl or op-1).t,ab.

7. Bone Morphogenetic Protein/ or Bone Morphogenetic Protein 2/ or Osteogenic Protein 1/

8. fracture$.ti,ab.

9. exp Fracture/ or Healing Impairment/ or Bone Allograft/ or Autograft/ or Fracture nonunion/

10. (allograft$ or autograft$).ti,ab

11. (or/1-7) and (or/8-10)

12. exp Randomized Controlled trial/

13. exp Double Blind Procedure/

14. exp Single Blind Procedure/

15. exp Crossover Procedure/

16. Controlled Study/

17. or/12-16

18. ((clinical or controlled or comparative or placebo or prospective$ or randomi#ed) adj3 (trial or study).ti,ab
19. ((random$ adj7 (allocat$ or allot$ or assign$ or basis$ or divid$ or order$)).ti,ab

20. ((singl$ or doubl$ or trebl$ or tripl$) adj7 (blind$ or mask$)).t,ab

21. (cross?over$) or (cross adjl over$)).ti,ab

22. ((allocat$ or allot$ or assign$ or divid$) adj3 (condition$ or experiment$ or intervention$ or treatment$ or therap$ or control$ or
group$)).ti,ab

23. or/18-22

24. or/17,23

25. limit 24 to human

26. and/11,25

NHS Economic Evaluation Database (Centre for Reviews and Dissemination)

((“bone morphogen*” OR osteogen® OR osteoinduct®) AND (protein* OR factor* OR polypeptide* OR poly-peptide*) OR (BMP OR
BMP2 OR BMP-2 OR BMP7 OR BMP-7 OR thBMP OR rh-BMP2 OR rh-BMP-2 OR rh-BMP7 OR rh-BMP-7)) AND (fracture*
OR nonunion OR non-union OR non-heal* OR union OR heal OR healed OR heals OR healing OR allograft* OR autograft*)

European Network of Health Economic Evaluation Databases (http://infodoc.inserm.fr/)

bone morphogen* OR osteogen* OR osteoinduct* OR BMP OR BMP2 OR BMP-2 OR BMP7 OR BMP-7 OR thBMP OR rh-
BMP2 OR rh-BMP-2 OR rh-BMP7 OR rh-BMP-7
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Appendix 2. Secondary outcomes (except secondary procedures)

Study Outcome

Results

Acute fractures

Alt 2006a Infection

1.50 mg/mL BMP-2: 3% (5/145) classified
as having infections requiring invasive surgical
treatment; 10% (14/145) classified as having in-
fections requiring less invasive surgical treatment;
3% (5/145) classified as having infections requir-
ing outpatient antibiotic treatment only
Control: 3% (5/146) classified as having infec-
tions requiring invasive surgical treatment; 10%
(15/146) classified as having infections requiring
less invasive surgical treatment; 3% (4/146) clas-
sified as having infections requiring outpatient
antibiotic treatment only

Hardware
failure

Clinical
response

Operative

Other patient outcomes

1.50 mg/mL BMP-2: Assumes 100% of patients
in paid employment before treatment and resume
work after treatment, and that the day of resump-
tion of work corresponds to the day of fracture
healing.

Control: Assumes 100% of patients in paid em-
ployment before treatment and resume work af-
ter treatment, and that the day of resumption of
work corresponds to the day of fracture healing

Donor site appearance

Heterotropic bone formation

Immunogecity

Other adverse effects

Direct medical resource use

1.50 mg/mL BMP-2: 1.5 mg/mL thBMP-2 per
patient; other direct medical resource use - see
Appendix 3.

Control: Other direct medical resource use - see

Appendix 3.
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Copyright © 2010 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

57



(Continued)

Lost or reduced productivity (time off work)

1.50 mg/mL BMP-2: Mean = 192 days to return
to work (SD = 105; 95% CI 64 to 375)
Control: Mean = 224 days to return to work (SD
=98; 95% CI 58 to 365)

Other non-medical costs

Unit costs

1.50 mg/mL BMP-2: 1.5 mg/mL rhBMP-2
per patient = $3512 (2008 International Dollar
prices); other unit costs - see Appendix 3.
Control: other unit costs - see Appendix 3.

Total direct medical costs

1.50 mg/mL BMP-2: Mean = $5622 per patient
(SD = 3634; 2008 International Dollar prices)
Control: Mean = $2837 per patient (SD = 3759;
2008 International Dollar prices)

Total productivity costs

1.50 mg/mL BMP-2: Mean = $8477 per patient
(SD = 5953; 2008 International Dollar prices)
Control: Mean = $10,308 per patient (SD =
5532; 2008 International Dollar prices)

Total other non-medical costs

Incremental cost-effectiveness, cost-utility or cost-benefit

Garrison 2007 Infection

1.50 mg/mL BMP-2: 2% (74.8/3329.6) classi-
fied as having severe infections; 6% (185.1/3329.
6) classified as having intermediate infections;
13% (421.1/3329.6) classified as having less se-
vere infections

Control: 3% (110.9 /3329.6) classified as having
severe infections; 10% (322.1 /3329.6) classified
as having intermediate infections; 19% (623.8 /
3329.6) classified as having less severe infections

Hardware
failure

Clinical

response

Operative

Other patient outcomes

Donor site appearance
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(Continued)

Heterotropic bone formation

Immunogecity

Other adverse effects

Direct medical resource use

1.50 mg/mL BMP-2: 1.5 mg/mL thBMP-2 per
patient; other direct medical resource use - see
Appendix 3.

Control: Other direct medical resource use - see

Appendix 3.

Lost or reduced productivity (time off work)

Other non-medical costs

Unit costs

1.50 mg/mL BMP-2: 1.5 mg/mL rhBMP-2
per patient = $2903 (2008 International Dollar
prices); other direct medical resource use - see

Appendix 3

Total direct medical costs

1.50 mg/mL BMP-2: Mean = $9663 per patient
(SD = 1350; 2008 International Dollar prices)
Control: Mean = $7953 per patient (SD = 1482;
2008 International Dollar prices)

Total productivity costs

Total other non-medical costs

Incremental cost-effectiveness, cost-utility or cost-benefit

Incremental cost per QALY (1.50 mg/mL BMP-2
vs control): $32,603 per QALY (95% CI = 22842
to 99346; 2008 International Dollar prices)

Govender 2002 Infection

0.75 mg/mL BMP-2:15% (12/80) classed as hav-
ing Gustilo-Anderson Types I and IT had fracture
site infections; 29% (19/65) with Gustilo-Ander-
son Types IIIA and IIIB developed fracture site
infection

1.50 mg/mL BMP-2: 21% (15/70) [n=82?]
classed as having Gustilo-Anderson Types I and
IT had fracture site infections; 24% (15/63) with
Gustilo-Anderson Types IIIA and ITIIB developed
fracture site infection

Control:15% (13/88) of patients classed as hav-
ing Gustilo-Anderson Types I and II had frac-
ture site infections; 44% (26/59) patients with
Gustilo-Anderson Types ITIA and ITIB developed
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fracture site infection

Hardware 0.75 mg/mL BMP-2: 25/145.
failure 1.5 mg/mL BMP-2: 16/145.

Control group: 32/147.
Clinical Overall pain: 97 (67%) 0.75 mg/mL BMP, 98
response (68%) 1.50 mg/mL BMP, 116 (79%) control
Operative

Other patient outcomes

Donor site appearance

Heterotropic bone formation

Immunogecity

Antibodies to BMP-2: 3 (2%) 0.75 mg/mL BMP,
9 (6%) 1.50 mg/mL BMP, 1 (1%) control
Antibodies to type-1 bovine collagen: 22 (15%)
0.75 mg/mL BMP, 29 (20%) 1.50 mg/mL BMP,
9 (6%) control

Other adverse effects

Direct medical resource use

Lost or reduced productivity (time off work)

Other non-medical costs

Unit costs

Total direct medical costs

Total productivity costs

Total other non-medical costs

Incremental cost-effectiveness, cost-utility or cost-benefit

Jones 2004

Infection

Hardware
failure

Clinical
response
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Operative

Other patient outcomes

Donor site appearance

Heterotropic bone formation

Immunogecity

Other adverse effects

Direct medical resource use

1.50 mg/mL BMP-2: 1.5 mg/mL thBMP-2 per
patient.

Control: N/A.

Lost or reduced productivity (time off work)

Other non-medical costs

Unit costs

1.50 mg/mL BMP-2: 1.5 mg/mL thBMP-2 per
patient = $5,639 (2008 International Dollar
prices)

Control: N/A

Total direct medical costs

1.50 mg/mL BMP-2: Mean = $15,805 per pa-
tient (2008 International Dollar prices)
Control: Mean = $10,736 per patient (2008 In-
ternational Dollar prices)

Total productivity costs

Total other non-medical costs

Incremental cost-effectiveness, cost-utility or cost-benefit

Jones 2006 Infection

1.50 mg/mL BMP/ autograft: Three patients de-
veloped infection, one superficial and the other
two that required surgical intervention, and
which failed to unite

Control: One patient developed infection that re-
quired surgical intervention, which failed to unite

Hardware
failure

1.50 mg/mL BMP/autograft: Two patients with
screw breakages requiring dynamization

Clinical
response

Improvement in Short Muscular functional as-
sessment scores:
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Function index -23.9 BMP, -22.2 control.
Bother index -24.6 BMP, - 20.3 control.

14 of 15 control patients with acute onset iliac
crest donor site pain

Operative

Mean operative time:150 minutes BMP, 169
minutes control.

Mean estimated blood loss: 117 mL BMP, 353

mL control.

Other patient outcomes

Donor site appearance

Heterotropic bone formation

1 BMP patient with heterotopic bone formation.

Immunogecity

No patients with antibodies to BMP-2.
1 BMP patient and 4 control patients with anti-
bodies to bovine type-1 collagen

Other adverse effects

Localised soft tissue swelling: 12 (80%) BMP, 9
(60%) control
Epidermal erythema: 5 (33%) BMP.

Direct medical resource use

Lost or reduced productivity (time off work)

Other non-medical costs

Unit costs

Total direct medical costs

Total productivity costs

Total other non-medical costs

Incremental cost-effectiveness, cost-utility or cost-benefit

Maniscalco 2002

Infection

Hardware
failure

Clinical

response
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Operative Hospital stay length mean: BMP-7, 11.7 days
(range 5-21).
Control, 12 days (range 5-26).

Other patient outcomes

Donor site appearance

Heterotropic bone formation 1 BMP-7 patient with calcification of the tibio-
fibular ligament and 1 control patient fell one
month after fixator removal and refractured bone
who was subsequently treated with casting

Immunogecity

Other adverse effects

Direct medical resource use

Lost or reduced productivity (time off work)

Other non-medical costs

Unit costs

Total direct medical costs

Total productivity costs

Total other non-medical costs

Incremental cost-effectiveness, cost-utility or cost-benefit

McKee 2002

Infection

Hardware
failure

Clinical No pain with activity: 80% of BMP and 56% of
response control groups.
Fully weight bearing: 95% of BMP and 84% of

control groups.

Operative

Other patient outcomes

Donor site appearance
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Heterotropic bone formation

Immunogecity

Other adverse effects

Direct medical resource use

Lost or reduced productivity (time off work)

Other non-medical costs

Unit costs

Total direct medical costs

Total productivity costs

Total other non-medical costs

Incremental cost-effectiveness, cost-utility or cost-benefit

Nonunion fractures

Calori 2006 Infection

Hardware
failure

Clinical

response

Operative

Other patient outcomes

Donor site appearance

Heterotropic bone formation

Immunogecity

Other adverse effects

Direct medical resource use

Lost or reduced productivity (time off work)
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Other non-medical costs

Unit costs

Total direct medical costs

Total productivity costs

Total other non-medical costs

Incremental cost-effectiveness, cost-utility or
cost-benefit

Chen 2000

Infection

Hardware
failure

Clinical
response

Johner-Wruh function score (excellent and good)
: 75% of BMP group, 80% of autograft group

Operative

Other patient outcomes

Donor site appearance

Heterotropic bone formation

Immunogecity

Other adverse effects

Direct medical resource use

Lost or reduced productivity (time off work)

Other non-medical costs

Unit costs

Total direct medical costs

Total productivity costs

Total other non-medical costs

Incremental cost-effectiveness, cost-utility or
cost-benefit
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Cook 1999

Infection

Autograft: One patient with infection that failed
to heal.

Hardware
failure

Clinical
response

Opverall, 18 patients without pain, 8 with mild
pain and 1 with moderate pain

25 of the healed nonunions were fully weight
bearing. (Both outcomes not separated by inter-
vention group.)

Operative

Other patient outcomes

Donor site appearance

Heterotropic bone formation

Immunogecity

Other adverse effects

Direct medical resource use

Lost or reduced productivity (time off work)

Other non-medical costs

Unit costs

Total direct medical costs

Total productivity costs

Total other non-medical costs

Incremental cost-effectiveness, cost-utility or
cost-benefit

Friedlaender 2001

Infection

OP-1:Two patients with acute or subacute os-
teomyelitis of the lower leg; 14 patients with post-
operative infection; 56 patients with mild pain at
the fracture site

Control: Thirteen patients with acute or subacute
osteomyelitis of the lower leg; 12 patients with
postoperative infection; 55 patients with mild
pain at the fracture site
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Hardware
failure

OP-1: 25/61 (41%).
Autograft: 34/61 (56%).

Clinical

response

All patients with pain at donor site (of which 80%
judged pain to be mild to moderate); 13% had
persistent donor pain 12 months postsurgery
Pain at multiple sites: 8 BMP patients, 9 control
patients.

Fully weight bearing with less than severe pain at
fracture site: 51 (81%) of BMP and 52 (85%) of
control patients

Operative

Operative time: BMP 169 minutes (range 58 to
420), control 178 minutes (range 58-420)
Hospital stay length: BMP 3.7 days (range 0 to
18), control 4.1 (range 1 to 24)

Operative blood loss: BMP 254 mL (range 10 to
1150), control 345 mL (range 35 to 1200)

Other patient outcomes

Donor site appearance

Heterotropic bone formation

Immunogecity

5% of OP-1 patients with antibodies to type-1
collagen and 10% of OP-1 patients with anti-
bodies to OP-1

Other adverse effects

Pyrexia: 31 BMP, 28 control.
Vomiting: 18 BMP, 19 control.
Edema: 5 BMP, 7 control.

Lower leg arthralgia: 8 BMP, 5 control.

Direct medical resource use

Lost or reduced productivity (time off work)

Other non-medical costs

Unit costs

Total direct medical costs

Total productivity costs

Total other non-medical costs
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Incremental cost-effectiveness, cost-utility or
cost-benefit

Geesink 1999

Infection

Hardware
failure

Clinical Three BMP patients experienced pain (two mild,
response one moderate)

Operative

Other patient outcomes

Donor site appearance

Heterotropic bone formation

Immunogecity Two patients in the collagen treatment group de-
veloped antibodies to type-1 collagen

Other adverse effects

Direct medical resource use

Lost or reduced productivity (time off work)

Other non-medical costs

Unit costs

Total direct medical costs

Total productivity costs

Total other non-medical costs

Incremental cost-effectiveness, cost-utility or
cost-benefit

Perry 1997

Infection

Hardware
failure

Clinical Control group experienced severe but temporary
response pain at the donor site
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Operative

Other patient outcomes

Donor site appearance

Heterotropic bone formation

Immunogecity

Other adverse effects

Direct medical resource use

Lost or reduced productivity (time off work)

Other non-medical costs

Unit costs

Total direct medical costs

Total productivity costs

Total other non-medical costs

Incremental cost-effectiveness, cost-utility or
cost-benefit

van Engen 2003

Infection OP-1 (BMP-7): 23% rate of infections of the
operation site.
Autograft: 20% rate of infections of the operation
site.
Ilizarov fixation: 4% rate of infections of the op-
eration site
Hardware OP-1 (BMP-7): 41% rate of hardware events.
failure Autograft: 56% rate of hardware events.
Ilizarov fixation: 20% rate of hardware events.
Clinical
response
Operative UK: Operative time: OP-1 (BMP-7) 90 minutes.

UK: Operative time: Autograft 81 minutes.
UK: Operative time: Ilizarov fixation 212 min-
utes.

Germany: Operative time: OP-1 (BMP-7) 47.6

minutes.
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Germany: Operative time: Autograft 77.6 min-
utes.

UK: Length of postoperative hospital stay: OP-1
(BMP-7) 6.0 days.

UK: Length of postoperative hospital stay: Auto-
graft 6.5 days.

UK: Length of postoperative hospital stay:
Ilizarov fixation 13.0 days.

Germany: Length of postoperative hospital stay:
OP-1 (BMP-7) 12.9 days.

Germany: Length of postoperative hospital stay:
Autograft 13.0 days

Other patient outcomes

Donor site appearance

Heterotropic bone formation

Immunogecity

Other adverse effects

Direct medical resource use

See ‘Operative’.

Lost or reduced productivity (time off work)

Other non-medical costs

Unit costs

OP-1 (BMP-7): Unspecified dosage = $5679 per
patient in the UK and $5561 per patient in Ger-
many (2008 International Dollar prices); other
unit costs - see Appendix 3.

Control: other unit costs - see Appendix 3.

Total direct medical costs

UK: OP-1 (BMP-7): Mean = $16,302 per patient
(2008 International Dollar prices)

UK: Autograft: Mean = $16,834 per patient
(2008 International Dollar prices)

UK: Ilizarov fixation (excluding frame costs):
Mean = $18,016 per patient (2008 International
Dollar prices)

Germany: OP-1 (BMP-7): Mean = $19,155 per
patient (2008 International Dollar prices)
Germany: Autograft: Mean = $18,134 per patient
(2008 International Dollar prices)

Total productivity costs
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Total other non-medical costs

Incremental cost-effectiveness, cost-utility or
cost-benefit

UK: Incremental cost per healed fracture: OP-
1 (BMP-7) vs autograft: $321 per patient (2008
International Dollar prices)

UK: Incremental cost per healed fracture: OP-1
(BMP-7) vs Ilizarov fixation: $1160 per patient
(2008 International Dollar prices)

Germany: Incremental cost per healed fracture:
OP-1 (BMP-7) vs autograft: $2314 per patient
(2008 International Dollar prices)

Malunion fractures treated with corrective osteotomy

Ekrol 2008

Infection

In external fixation group, three autograft pa-
tients and one BMP patient developed superficial
pin track infections

Hardware
failure

In internal fixation group; 3/10 OP-1 patients
and 7/10 autograft patients experienced dorsal
plate irritation requiring plate removal

Clinical
response

No significant difference in functionality be-
tween BMP and control using internal or exter-
nal fixation

Operative

Other patient outcomes

Donor site appearance

Heterotropic bone formation

Immunogecity

Other adverse effects

Two BMP external fixation patients had a dorsal
defect and two developed osteolysis. In one con-
trol external fixation patient the deformity reoc-
curred requiring surgery at 20 weeks

Direct medical resource use

Lost or reduced productivity (time off work)

Other non-medical costs

Unit costs
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Total direct medical costs

Total productivity costs

Total other non-medical costs

Incremental cost-effectiveness, cost-utility or

cost-benefit

Appendix 3. Data extracted from included economic evaluations

Alt 2006a
Country code Germany
Publication language German

Funding source for study

Medtronic (a medical technology manufacturer and a distributor

of thBMP-2)

Other published or unpublished versions of study

Alt V, Donell ST, Chhabra A, Eicher A, Schnettler R. BMP-2 is
a cost-effective therapy in grade III open tibia fractures - A health-
economic assessment of the use BMP-2 in open tibia fractures for
European healthcare systems [oral paper]. 8th European Federa-
tion of National Associations of Orthopaedics and Traumatology
(EFORT) Congtess; 2007 May 11-15; Firenze, Italy

Related publications

Govender S, Csimma C, Genant HK, Valentin-Opran A. Recom-
binant human bone morphogenetic protein-2 for treatment of
acute open tibial fractures - a prospective, controlled, randomized
study of four hundred and fifty patients. Journal of Bone and joint
Surgery - American Volume 2002; 84(12): 2123-34.

Health Technology Recombinant Bone Morphogenetic Protein-2 (BMP-2) for treat-
ment of acute open tibial shaft fractures in skeletally mature adults

Intervention(s) 1.50 mg/mL thBMP-2 delivered by absorbable Type I bovine
collagen sponge as an adjunct to intramedullary nail fixation (IM)
with routine soft tissue management

Comparator(s) IM with routine soft tissue management.

Fracture type(s) Acute open tibial shaft (Gustilo-Anderson types I to ITIA and IIIB)

Bone morphogenetic protein (BMP) for fracture healing in adults (Review) 72

Copyright © 2010 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



(Continued)

Hypothesis/study question

The objective of the study is to compare the costs associated with
use of thBMP-2 as an adjunct to IM with routine soft-tissue man-
agement, versus the costs associated with the current standard sur-
gical treatment of open tibial shaft fractures: use of IM with rou-
tine soft tissue management alone. The authors hypothesise po-
tential cost savings resulting from the adjunctive use of thBMP-2,
due to faster fracture healing and reduced revision and infection
rates

Economic study type

Cost analysis.

Analytic perspective

Public health insurance company in Germany (third-party payer)

Study population

The randomised population in the multi-centre prospective ran-
domised controlled trial from which the population in this cost
analysis is drawn (Govender 2002) comprises 450 skeletally ma-
ture adult patients with open tibial shaft fractures of varying sever-
ity (Gustilo-Anderson types I, II, IITA and IIIB)

The study population included in this cost analysis (Alt 2006a)
comprises a sub-group of 291 patients drawn from the intention-
to-treat (ITT) population of the above trial (Intervention group
= 145, Comparison group = 146). One patient drawn from the
intention-to-treat (ITT) population of the trial was excluded from
this cost analysis (from the control group). The reason for exclu-
sion of this patient is not stated.

Modelling and statistical extrapolation

Assumptions are made and discussed, but the study does not use
a formal model. No statistical extrapolation of data is used

Setting

Inpatient care (secondary care).

The setting for the cost analysis is Germany.

The randomised population in the trial from which the popu-
lation in this cost analysis is drawn were recruited at 49 cen-
tres (hospitals) in 11 countries: Australia, Belgium, Canada, Fin-
land, France, Germany, Israel, Netherlands, Norway, South Africa,
United Kingdom (Govender 2002).

Dates to which data relate / time horizon of costs and effects

The time horizon for costs is one year. Resource use data were
collected prospectively between April 2007 and December 1999
over a one year follow-up period (Govender 2002).

The study uses 2005 Euro (Germany) prices.

Clinical and epidemiological data

The clinical data utilised in this cost-analysis include severity of
soft tissue injury, complications (post-traumatic and post-opera-
tive infections) and revision procedures for delayed fracture heal-
ing.

Post-traumatic and post-operative infections are classified as ‘re-
quiring invasive surgical treatment’ (irrigation and debridement
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with nail removal with or without application of external fixation
plus 8 weeks of antibiotics after discharge), ‘requiring less invasive
surgical treatment’ (irrigation and debridement without modifica-
tion of the implant) or ‘requiring outpatient antibiotic treatment
only’

Revision procedures for delayed fracture healing are classified as
‘invasive’ (re-osteosynthesis by plate or nail; autogenous bone
graft; fibula osteotomy) or ‘less invasive’ (e.g. hardware removal
for dynamisation of the nail; others not specified)

Data sources

All clinical evidence utilised in this cost analysis is derived from a
single study (Govender 2002).
The authors conduct a sub-group analysis based on the severity of
the soft tissue injury according to Gustilo-Anderson classification,
to estimate cost differences between the experimental and com-
parator interventions by Gustilo-Anderson subgroups. Subgroups
in the original study are:

e Gustilo-Anderson grade III B;

e Gustilo-Anderson grade III B and IIIA;

e Gustilo-Anderson grade IT; and

e Gustilo-Anderson grade L.
The study utilises clinical evidence on time to fracture healing as
an estimate of time to return to work and clinical evidence on
complications (number and type) and revision procedures (num-
ber and type) to estimate ‘downstream’ costs (Govender 2002).
Average (mean) time to fracture union per patient (days)**:
All open fractures

e Intervention = 191.80 (SD = 105.21) (95% CI 63.65 to
374.80); median = 149.00

e Control = 224.16 (SD = 97.77) (95% CI 57.80 to 365.28);
median = 196.50
Gustilo-Anderson grade III B

o Intervention = 228.22 (SD = 117.29) (95% CI 45.00 to
372.00); median = 260.00

e Control = 307.59 (SD = 69.76) (95% CI 133.00 to 362.
00); median = 342.00
Gustilo-Anderson grade III B and IITA

e Intervention = 221.11 (SD = 110.81) (95% CI 64.50 to
407.60); median = 188.00

e Control = 266.00 (SD = 90.27) (95% CI 101.50 to 408.
50); median = 277.00
Gustilo-Anderson grade ITIA

e Intervention = 216.05 (SD = 107.28) (95% CI 75.00 to
444.00); median = 185.50

e Control = 249.17 (SD = 92.85) (95% CI 100.23 to 439.
53); median = 265.50
Gustilo-Anderson grade II

e Intervention = 148.27 (SD = 72.30) (95% CI 50.25 t0
375.35); median = 136.00
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e Control = 188.51 (SD = 92.65) (95% CI 45.80 to 363.80;
median = 172.00
Gustilo-Anderson grade I

o Intervention = 193.34 (SD = 110.80) (95% CI 68.00 to
363.00); median = 148.00

e Control = 208.31 (SD = 93.08) (95% CI 64.00 to 363.00);
median = 189.50

Methods used to obtain data

The study derives all its clinical evidence from a single study (
Govender 2002).

Link between effectiveness and cost data

Not applicable: the study is a cost analysis. Resource use data
were collected prospectively within a multi-centre prospective ran-
domised controlled trial (Govender 2002).

Study sample (effectiveness data)

Not applicable: the study is a cost analysis.

Study design (effectiveness data) Not applicable: the study is a cost analysis.
Analysis of effectiveness Not applicable: the study is a cost analysis.
Effectiveness results Not applicable: the study is a cost analysis.
Clinical conclusions Not applicable: the study is a cost analysis.
Measure of health benefits used in the economic analysis / methods  Not applicable: the study is a cost analysis.

used to value benefits / Details of subjects from whom valuations
were obtained

Source(s) of unit cost data

Price of thBMP-2: Medtronic price list for Germany, 2006*
Direct medical costs:

e German Diagnosis Related Groups (DRG), 2005

e ICD10 Version GM, 2005

e OPS 301 Version 2005 Katalog

e Outpatient reimbursement guidelines (EBM/Stand 10.
2001)
Average sickness payments: German Ministry for Health and
Social Security (Bundesministerium fiir Gesundheit und Soziale
Sicherung (BMGS)), 2003
Average costs (i.e. the total cost divided by the number of units
provided) per patient are reported in this study

Currency

Euros (EURO) - Germany

Price year

2005

Direct medical resource use: thBMP-2

1.50 mg/mL per patient (fixed dosage).
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Direct medical costs: thBMP-2

EURO2900 per patient.

Direct medical resource use: Operative time (minutes)

Operative time (minutes) is not measured directly in this study.
The study is conducted from a health care insurance perspective.
German healthcare insurance reimbursement pays one ‘flat rate’
per case to hospitals based on the DRG code of the respective case
or procedure*

Direct medical unit costs: Operative time (per minute/ per hour)

Not applicable. Operative time (minutes) is not measured directly
in this study.*

Direct medical resource use: Length of postoperative hospital stay

(days)

Length of postoperative hospital stay (days) is not measured di-
rectly in this study. The study was undertaken from a health care
insurance perspective. German healthcare insurance reimburse-
ment pays one ‘flat rate’ per case to hospitals based on the DRG
code of the respective case or procedure*

Direct medical unit costs: Postoperative hospital stay (per day)

Not applicable: Length of postoperative hospital stay (days) is not
measured directly in this study.*

Direct medical resource use: Other

1. Number of revision surgeries:
Invasive
Re-osteosynthesis by plate or nail*:

e All open fractures: Intervention: 6 (145) Control: 10 (146)

e Gustilo-Anderson grade IIIB: Intervention: 2 (27) Control:
1(17)

o Gustilo-Anderson grade III B and IIIA: Intervention: 3
(65) Control: 3 (59)

o Gustilo-Anderson grade II: Intervention: 2 (45) Control: 4
(55)

e Gustilo-Anderson grade I: Intervention: 1 (35) Control: 3
(32)
Autogenous bone grafting*:

e All open fractures: Intervention: 2 (145) Control: 12 (146)

e Gustilo-Anderson grade IIIB: Intervention: 1 (27) Control:
6 (17)

e Gustilo-Anderson grade III B and IIIA: Intervention: 2
(65) Control: 10 (59)

e Gustilo-Anderson grade II: Intervention: 0 (45) Control: 2
(55)

e Gustilo-Anderson grade I: Intervention: 0 (35) Control: 0
(32)
Fibula osteotomy*:

e All open fractures: Intervention: 1 (145) Control: 2 (146)

e Gustilo-Anderson grade IIIB: Intervention: 1 (27) Control:
1(17)
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e Gustilo-Anderson grade III B and ITIA: Intervention: 1
(65) Control: 2 (59)

e Gustilo-Anderson grade II: Intervention: 0 (45) Control: 0
(55)

e Gustilo-Anderson grade I: Intervention: 0 (35) Control: 0
(32)
Less Invasive
Hardware removal for dynamisation of the nail*:

e All open fractures: Intervention: 16 (145) Control: 26
(146)

e Gustilo-Anderson grade IIIB: Intervention: 6 (27) Control:
3 (17)

e Gustilo-Anderson grade III B and IIIA: Intervention: 10
(65) Control: 12 (59)

o Gustilo-Anderson grade II: Intervention: 2 (45) Control: 6
(55)

e Gustilo-Anderson grade I: Intervention: 4 (35) Control: 8
(32)
Other*:

e All open fractures: Intervention: 2 (145) Control: 1 (146)

e Gustilo-Anderson grade III B: Intervention: 0 (27)
Control: 1 (17)

e Gustilo-Anderson grade III B and IIIA: Intervention: 0
(65) Control: 1 (59)

e Gustilo-Anderson grade II: Intervention: 1 (45) Control: 0
(55)

e Gustilo-Anderson grade I: Intervention: 0 (35) Control: 0
(32)

2. Number of post-traumatic and postoperative infections
Invasive surgical treatment (inc. 8 weeks outpatient antibiotic
treatment)*

e All open fractures: Intervention: 5 (145) Control: 5 (146)

e Gustilo-Anderson grade IIIB: Intervention: 1 (27) Control:
1(17)

o Gustilo-Anderson grade III B and IIIA: Intervention: 2
(65) Control: 3 (59)

e Gustilo-Anderson grade II: Intervention: 3 (45) Control: 2
(55)

e Gustilo-Anderson grade I: Intervention: 0 (35) Control: 0
(32)
Less invasive surgical treatment*

e All open fractures: Intervention: 14 (145) Control: 15
(146)

e Gustilo-Anderson grade III B: Intervention: 2 (27)
Control: 5 (17)

e Gustilo-Anderson grade III B and IIIA: Intervention: 4
(65) Control: 10 (59)
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o Gustilo-Anderson grade II: Intervention: 9 (45) Control: 4
(55)

e Gustilo-Anderson grade I: Intervention: 1 (35) Control: 1
(32)
Outpatient antibiotic treatment (8 weeks duration)*

o All open fractures: Intervention: 5 (145) Control: 4 (146)

e Gustilo-Anderson grade III B: Intervention: 1 (27)
Control: 1 (17)

e Gustilo-Anderson grade III B and IIIA: Intervention: 2
(65) Control: 3 (59)

e Gustilo-Anderson grade II: Intervention: 3 (45) Control: 1
(55)

e Gustilo-Anderson grade I: Intervention: 0 (35) Control: 0
(32)
Heparin treatment™®
All patients in both arms of the trial are assumed to receive daily
(low-weight) heparin following initial surgery until day of fracture
healing

Direct medical unit costs: Other

1. Revision surgeries:
Invasive*

o Average InEK case rate: EURO2975
Less Invasive*

e Average cost per less invasive case for aseptic nonunion:
EURO313
2. Post-traumatic and post-operative infections: surgeries
Invasive surgical treatment*

o Average InEK case rate: EURO2975

e Outpatient antibiotic treatment: EURO10 / day (560 total
for 8 weeks)
Less invasive surgical treatment™

e Average cost per less invasive case for infection: EURO2103
Outpatient antibiotic treatment (8 weeks)*

e EURO10/ day (560 total for 8 weeks)
Heparin treatment™®

e EURO5/ day

Average (mean) total direct medical costs**

All open fractures (cost per patient)

o Intervention = EURO4642.45 (SD = 3000.87)

e Control = EURO2342.57 (SD = 3104.07)

e Incremental = EUR02299.88 (SD = 3053.09) (95% CI
1595.36 to 3004.41) (favours control)
Gustilo-Anderson grade III B (cost per patient)

o Intervention = EURO5099.23 (SD = 2452.29)

e Control = EURO4594.06 (SD = 3155.66)

e Incremental = EURO505.17 (SD = 2741.60) (95% CI -
1207.86 to 2218.19) (favours control)
Gustilo-Anderson grade III B and IIIA (cost per patient)

e Intervention = EURO4803.20 (SD = 2617.28)
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e Control = EURO3217.48 (SD = 3035.92)

o Incremental = EURO1585.72 (SD = 2824.06) (95% CI
580.46 to 2590.99) (favours control)

Gustilo-Anderson grade IITA (cost per patient)

e Intervention = EURO4592.87 (SD = 2741.11)

e Control = EURO2660 per patient (SD = 2837.00)

o Incremental = EURO1932.58 per patient (SD = 2791.93)
(95% CI 688.15 to 3177.01) (favours control)
Gustilo-Anderson grade II (cost per patient)

o Intervention = EURO4828.45 (SD = 4267.11)

e Control = EURO1805.73 per patient (SD = 3572.69)

e Incremental = EURO3022,72 per patient (SD = 3899.80)
(95% CI 1467.12 to 4578.32) (favours control)
Gustilo-Anderson grade I (cost per patient)

e Intervention = EURO4104.78 (SD = 191.91)

e Control = EURO1652.14 (SD = 312.71)

e Incremental = EURO2452 (SD = 1471.94) (95% CI 1733.
64 to 3171.63) (favours control)

Productivity resource use: Employment status before and after
treatment

Study assumes that all patients are employed before and after the
injury and that the day of fracture healing corresponds to the day
of resumption of work

Productivity resource use: number and/ or time return to work (for
those patients in employment before treatment)/ lost or reduced
productivity (time off work)**

The exact time of resumption of work is not monitored in the
randomised controlled trial which provides the clinical evidence
for this cost analysis (Govender 2002). Therefore, calculation of
sickness payments assumes that the day of fracture healing corre-
sponds to the day of resumption of work, that all patients were
employed before and after the injury and that all patients have
public health care insurance

All open fractures

e Intervention = 191.80 days (SD = 105.21) (95% CI = 63.
65 to 374.80)

e Control = 224.16 days (SD = 97.77) (95% CI = 57.80 to
365.28)

e Incremental = -32.36 days (mean per patient) (SD = 101.
54) (95% CI -55.80 to -8.93) (favours intervention)
Gustilo-Anderson grade III B

e Intervention = 228.22 days (mean per patient) (SD = 117.
29)

e Control = 307.59 days (mean per patient) (SD = 69.76)

e Incremental = -79.37 days (mean per patient) (SD = 101.
83) (95% CI -142.99 to -15.74) (favours intervention)
Gustilo-Anderson grade III B and ITIA

e Intervention = 221.11 days (mean per patient) (SD = 13.
74)

e Control = 266.00 days (mean per patient) (SD = 11.75)

e Incremental = -44.89 days (mean per patient) (SD = 101.
56) (95% CI -81.05 to -8.74) (favours intervention)
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Gustilo-Anderson grade IIIA (cost per patient)

e Intervention = 216.05 days (mean per patient) (SD = 107.
28)

e Control = 249.17 days (mean per patient) (SD = 92.85)

e Incremental = -33.11 days (mean per patient) (SD = 99.96)
(95% CI -77.67 to 11.44) (favours intervention)
Gustilo-Anderson grade II

e Intervention = 148.27 days (mean per patient) (SD = 75.
30)

e Control = 188.51 days (mean per patient) (SD = 92.65)

e Incremental = -40.24 days (mean per patient) (SD = 85.30)
(95% CI -74.27 to -6.22) (favours intervention)
Gustilo-Anderson grade I

e Intervention = 193.34 days (mean per patient) (SD = 110.
80)

e Control = 208.31 days (mean per patient) (SD = 93.08)

e Incremental = -14.97 days (mean per patient) (SD = 102.
73) (95% CI -65.15 to 35.21) (favours intervention)

Productivity unit costs: lost or reduced productivity (time off
work)

EURO46.73 /day

Average daily sickness payment from German public health insur-
ance companies (including fringe benefits that have to be covered
by German public health insurance companies)

Average (mean) total productivity costs (time off work)**

Assumes health insurers provide sickness payments commencing
after absence from work of 6 weeks (initial period up to 6 weeks
is covered by the employer). This reflects current practice in Ger-
many*

All open fractures

e Intervention = EURO7000.15 per patient (SD = 4916.35)

e Control = EURO8512.54 per patient (SD = 4568.63)

e Incremental = EURO -1512.39 per patient (SD = 4745.07)
(95% CI -2607.35 to 417.42) (favours intervention)
Gustilo-Anderson grade III B

e Intervention = EURO8702.16 per patient (SD = 5480.87)

e Control = EURO12,410.93 per patient (SD = 3259.90)

o Incremental = EURO -3708.77 per patient (SD = 4758.63)
(95% CI -6682.08 to -735.46) (favours intervention)
Gustilo-Anderson grade III B and IITA

e Intervention = EURO8369.70 per patient (SD = 5178.16)

e Control = EURO10,467.52 per patient (SD = 4218.42)

e Incremental = EURO -2097.82 per patient (SD = 4746.15)
(95% CI -3787.27 to -408.36) (favours intervention)
Gustilo-Anderson grade ITIA

e Intervention = EURO8133.48 per patient (SD = 5013.25)

e Control = EURO9680.90 per patient (SD = 4338.95)

e Incremental = - EURO1547.42 per patient (SD = 4670.96)
(95% CI -3629.38 to 534.54) (favours intervention)
Gustilo-Anderson grade II
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o Intervention = EURO4965.84 per patient (SD = 3518.54)

e Control = EUROG6846.37 per patient (SD = 4329.44)

e Incremental = EURO -1880.53 per patient (SD = 3985.82)
(95% CI -3470.45 to -290.61) (favours intervention)
Gustilo-Anderson grade I

e Intervention = EURO7072.25 per patient (SD = 5177.59)

e Control = EURO7771.78 per patient (SD = 4349.47)

e Incremental = EURO -699.53 per patient (SD = 4800.49)
(95% CI -3044.42 to 1645.36) (favours intervention)

Average total non-medical costs (e.g. patient out-of-pocket ex-
penses)

Not measured.

Average (mean) total costs**

All open fractures

e Intervention = EURO11,642.61 per patient (SD = 6868.
31)

e Control = EURO10,855 per patient (SD = 6672.24)

o Incremental = EURO787.50 per patient (SD = 6770.65)
(95% CI -774.88 to 2349.88) (favours control)
Gustilo-Anderson grade III B

e Intervention = EURO13,801.39 per patient (SD = 7273.
54)

e Control = EURO17,004 per patient (SD = 5848.58)

e Incremental = EURO -3203.61 per patient (SD = 9382.34)
(95% CI - 7431.29 to 1024.07) (favours intervention)
Gustilo-Anderson grade III B and IITA

o Intervention = EURO13,172.90 per patient (SD = 6923.
95)

e Control = EURO13,685.00 per patient (SD = 6461.09)

e Incremental = EURO -512.09 per patient (SD = 6707.89)
(95% CI -2899.85 to 1875.67) (favours intervention)
Gustilo-Anderson grade ITIA

e Intervention = EURO12,726.35 per patient (SD = 6727.
27)

e Control = EURO12,341 per patient (SD = 6267.86)

e Incremental = EURO385.16 per patient (SD = 6489.84)
(95% CI -2507.52 to 3277.84) (favours control)
Gustilo-Anderson grade II

e Intervention = EURO9794.29 per patient (SD = 7082.02)

e Control = EURO8652.10 per patient (SD = 6436.39)

e Incremental = EURO1142.19 per patient (SD = 6733.93)
(95% CI -1543.92 to 3828.3) (favours control)
Gustilo-Anderson grade I

o Intervention = EURO11,177.03 per patient (SD = 5951.
83)

e Control = EURO9423.92 per patient (SD = 5656.72)

e Incremental = EURO1753.10 per patient (SD = 5812.95)
(95% CI -1086.34 to 4592.55) (favours control)
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Discount rate used and justification

N/A - discounting is not discussed, but is not appropriate since
the time horizon of the study is one year

Explanation if costs and effects are not discounted

N/A - discounting is not discussed, but is not appropriate since
the time horizon of the study is one year

Statistical analysis of costs

Mean costs are reported in the original study but standard devia-
tions, standard errors, or confidence intervals are not reported
The lead author of the study supplied the original data set with
permission from Medtronic. An author of this review (IS) reviewed
the data set and conducted a secondary analysis of resource use
and cost data, using individual-level patient data (reported above)
. Inspection of the original data set used in this study reveals that
estimates of costs (and cost differences between groups) are based
on randomisation group-level data, including use of a weighted
group average of case mix index (resource use) as opposed to indi-
vidual-level case mix index data (which are available in the original
data set). In effect, this precluded calculation of standard errors,
standard deviations or confidence intervals in the original analy-
sis. Standard deviations and confidence intervals were calculated
in the secondary analysis conducted by IS, which used individual-
level patient data.*

Methods used to allow for uncertainty

No sensitivity analysis is reported.

Synthesis of costs and benefits

Not applicable - study is a cost analysis.

Incremental cost-effectiveness results

Not applicable - study is a cost analysis.

Authors conclusions

The authors' main conclusions are that “This work shows that
net savings can be achieved for Gustilo-Anderson grade IIIB and
[Gustilo-Anderson grade IIT B and IITA] fractures by the use of
thBMP-2 from the perspective of German public health insurer”
and that “the main driver for the savings is avoided sickness pay-
ments due to faster fracture healing by thBMP-2".

Commentary

Choice of comparator:

Although no explicit justification was provided for the comparator
used, the comparator appears to represent standard practice in the
authors’ setting in 2005. End-users of this Cochrane review should
decide if the comparator represents current practice in their own
setting

Modelling:

Not applicable no formal model is used.

Validity of estimate of costs:

The analysis of costs was performed from the perspective of the
insurer (third-party payer). It appears that, given the perspective
adopted, most relevant categories of costs (resource use) have been
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included in the analysis. Exceptions (not considered) are the costs
of outpatient visits and physical therapy. As the analysis did not
include these costs, it is possible that the reported cost savings asso-
ciated with the clinical benefits accruing from the use of thBMP-2
are underestimated from an insurers (third-party payer) perspec-
tive.

*It is also important to highlight that in the original study, analysis
of costs does not utilise individual-level resource use or cost data
directly. This leads to limitations in the reporting of estimates
of costs; specifically that measures of variance are not reported
for mean values. A further limitation of the original study is that
measures of resource use were not reported separately from their
unit costs

Other issues:

The authors do not compare the principal findings of their study
with those from other studies

*The authors do not appear to have reported results selectively.
Although their original analysis was based on a sub-group of the
intention-to-treat population within the trial utilised as the source
of resource use data (Govender 2002), this decision may be at-
tributable to the clinical results of the source trial, which indicate
that only the 1.5 mg/mL concentration of thBMP-2 and not the 0.
75 mg/mL concentration demonstrate clinical efficacy compared
to standard care

In general, the authors’ conclusions appear to follow from the data
reported in the original study. However, the original study (and
the secondary analysis conducted by IS) indicates that incremental
one-year direct medical costs in the BMP-2 group are not offset
by cost savings from reduced one-year sickness payments amongst
patients with less severe fracture types, and this conclusion is not
reported in the original study

The numbers of patients by fracture severity within the individual
patient-level data set used in this cost analysis appear to differ from
the numbers of patients by fracture severity reported in the BESST
study, with respect to Gustilo-Anderson IIIB (intervention only)
and Gustilo-Anderson II and I (intervention and control). How
is this explained?

The authors discuss the following limitations of their study:

e The assumption that the day of fracture healing
corresponds to the day of resumption of work and also that all
patients worked before the accident and had public health
insurance.

e Non-inclusion of the costs of outpatient patient visits and
the costs of physical therapy

* Based on additional information and/or original data set supplied by the study authors

** Based on secondary analysis of the original data set, conducted by IS
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Health Technology Recombinant Bone Morphogenetic Protein-2 (thBMP-2) for
treatment of acute open tibial shaft fractures in skeletally mature
adults

Intervention(s) 1.50 mg/mL thBMP-2 delivered by absorbable Type I bovine
collagen sponge as an adjunct to intramedullary nail fixation (IM)
with routine soft tissue management

Comparator(s) IM with routine soft tissue management.
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Fracture type(s)

Open tibial shaft (Gustilo-Anderson grades I, II, IIA, ITIB and
111C)

Hypothesis/study question

The objective of the study is to critically appraise, modify and
update an economic evaluation model to compare the incremental
cost-utility of thBMP-2 as an adjunct to IM with routine soft-
tissue management, versus the current standard surgical treatment
of acute open tibial shaft fractures: use of IM with routine soft
tissue management alone, in the UK

Economic study type

Cost-utility analysis

Analytic perspective

United Kingdom healthcare system.

Study population

A hypothetical cohort of 3330 skeletally mature adult patients
with open-tibial fractures in the UK, without any other significant
co-morbidities. These acute open tibial fracture patients are fur-
ther classified into different severity groups, ranging from Gustilo-
Anderson grade I to type IIIC, according to the following distri-
bution profile:

e Gustilo-Anderson grade ITIC: 126.5 (3.80%)

e Gustilo-Anderson grade IIIB: 929.0 (27.90%)

e Gustilo-Anderson grade ITTA: 749.2 (22.50%)

e Gustilo-Anderson grade II: 722.5 (21.70%)

e Gustilo-Anderson grade I: 802.4 (24.10)
The study population (hypothetical cohort) is estimated based on
1997 burden of disease data provided in a report by the British Or-
thopaedic Association and British Association of Plastic Surgeons
(BOA/BAPS 1997), which estimates an annual incidence of open
tibial fractures of 5.53 per 100,000 per year, and the population
of the UK in 2005 was 60,209,500

Modelling and statistical extrapolation

A decision-analytic model (decision tree structure) with a one year
time horizon*. The end point of the model is ‘healed fracture
(union)’ (a large majority of acute open tibial shaft fractures heal
in less than one year*)

Health states and transition probabilities are reported in full along
with a number of modelling assumptions, for which justifications
are provided in full. The model is run using the hypothetical co-
hort of 3,330 patients (simulations) as the intervention group and
then re-run using the same hypothetical cohort of 3,330 patients
(simulations) as the control group

Setting

Inpatient care (secondary care) and subsequent outpatient care
(secondary care) in the UK

Dates to which data relate / time horizon of costs and effects

The time horizon for costs and effects is one year* (see ‘Modelling
and statistical extrapolation, above).
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Clinical evidence and resource use data (number of infections,
number of secondary interventions and time to fracture healing
(union), by grade of fracture severity, are sourced from a multi-
centre randomised controlled trial (Govender 2002), which col-
lected these data prospectively.

The model assumes one outpatient visit to a fracture clinic every
four weeks before fracture healing (union)

The study used 2006 UK prices (UK GBP £).

Clinical and epidemiological data

Clinical data utilised in the model include an effectiveness mea-
sure: time to healed fracture (union), by grade of fracture severity.
Fracture union is defined by the participating clinicians in the
original trial based on a combination of clinical findings (pain-
free weight bearing and lack of tenderness at fracture site), plus
radiological union (three out of four cortices with bridging callus).
Complications include the rate of infections and secondary inter-
ventions, both by grade of fracture severity. Secondary interven-
tions are divided into two categories: ‘most invasive’ (bone graft,
exchange nailing, plate fixation, fibular osteotomy, bone trans-
port) and ‘less invasive’ (nail dynamisation, internal fixation to
brace’). Infections are divided into three categories: ‘less severe’,
‘intermediate’ and ’severe’

Epidemiological data includes the UK population in 2005 and an
annual incidence of open tibial fractures of 5.53 per 100,000.

Data sources

Clinical evidence and resource use data are obtained from a single
study - a prospective multi-centre randomised controlled trial of
the same intervention and comparator in the same patient popu-
lation (Govender 2002). The authors assume one outpatient visit
every four weeks before fracture healing (union)

Epidemiological data are obtained from a report by the British
Orthopaedic Association and British Association of Plastic Sur-
geons (BOA/BAPS 1997)

Unit cost data are obtained from:

e National Schedule of Reference Costs 2005/06 (UK
Department of Health)

e UK National Schedule of Reference Costs 2003/04
(postoperative infections - HRG code S20 ‘postoperative
infection’ is not available in National Schedule of Reference
Costs from 2004 to date) (UK Department of Health)

e UK National Tariff 2006/07 (UK Department of Health)

e Personal communication (Wyeth Pharmaceuticals
manufacturers of rhBMP-2)

Utilities (disutility values due to fracture nonunion) used in the
original ABACUS model (Abacus 2006) were extrapolated from
estimates for older women with hip fractures (Salkeld 2000) and
women with long-standing vertebral osteoporotic fractures (Hall
1999). In the current study (Garrison 2007), based on the authors’
assumption that disutility values are likely to be overestimated in
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the original ABACUS model, and in the absence of alternative ob-
jective data, the current study arbitrarily assumes disutility values
to be 30% smaller than those used in the original ABACUS model
(i.e. a more conservative assumption). (See ‘Measure of health ben-
efits used in the economic analysis’, below, for further details)
See related publications for bibliographic details.

Methods used to obtain data

See ‘Data sources’, above.

Link between effectiveness and cost data

The collection of resource use data was undertaken prospectively
on the patient sample in the study which provided the clinical
evidence and resource use data used in the model (Govender 2002)

Study sample (effectiveness data)

Not applicable: clinical and epidemiological evidence is derived
from more than one study (see ‘Data sources” above).

Study design (effectiveness data)

Not applicable: clinical and epidemiological evidence is derived
from more than one study (se¢ ‘Data sources” above).

Analysis of effectiveness

Not applicable: clinical and epidemiological evidence is derived
from more than one study (see ‘Data sources’ above).

Effectiveness results

Not applicable: clinical and epidemiological evidence is derived
from more than one study (see ‘Data sources” above).

Clinical conclusions

Not applicable: clinical and epidemiological evidence is derived
from more than one study (see ‘Data sources’ above).

Measure of health benefits used in the economic analysis / methods
used to value benefits / Details of subjects from whom valuations
were obtained

The principal measure of health benefits used in the cost-utility
analysis is the quality-adjusted life year (QALY)

Utilities (disutility values due to fracture nonunion) are extrapo-
lated from estimates for older women with hip fractures (Salkeld
2000) and women with long-standing vertebral osteoporotic frac-
tures (Hall 1999).

The study authors state that “Salkeld and colleagues used the
time trade-off technique to estimate the utility associated with
hip fracture and fear of falling among older women (aged = 75
years). The baseline utility value (EQ-50) was 0.77 for interviewed
women

They found that a ‘bad’ hip fracture (which results in admission
to a nursing home) was valued at 0.05 and a ‘good’ hip fracture
(maintaining independent living in the community) 0.31. The
disutility value for a ‘good” hip fracture could be estimated as 0.46
(0.77-0.31), on which it seems that the disutility value used for
Gustilo-Anderson grade ITIB/C open tibial fracture nonunion in
the original ABACUS model was based. Hall and colleagues mea-
sured QoL in women with long-standing vertebral osteoporotic
fracture and age-matched normal women, using the SE-36. Then
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SE-36 scores were transformed to a utility score by the Fryback
technique. It was found that the utility score was 0.64 for women
with vertebral fracture and 0.72 for controls. The difference in the
utility scores between the two groups is 0.08 (0.72-0.64). How-
ever, it is not clear how this estimate has been used to estimate
disutility values in the ABACUS model. It is highly question-
able whether the results from Salkeld and colleagues’ study of hip
fracture and Hall and colleagues’ study of vertebral osteoporotic
fracture are generalisable to patients with OTE We identified a
further study of economic evaluation of patients with closed tib-
ial shaft fractures (New Reference). Based on expert opinion, the
utility value estimated was 0.9 for returning to normal activities,
0.5 for nonunion, 0.6 for delayed union and 0.5 for experienc-
ing a postoperative complication. This study estimated the utility
value based on expert opinion, which was subjective and may not
truly reflect patient opinion. Fracture union in the BESTT trial
was defined by a combination of pain-free weight bearing and lack
of tenderness at fracture site plus radiological union (three out of
four cortices with bridging callus). Hence the QoL of patients may
not be much different from normal many weeks before the de-
fined fracture union. For example, a patient with pain-free weight
bearing and lack of tenderness at the fracture site did not meet the
criteria for fracture union if radiological union was not achieved.
Therefore, the original ABACUS model may has overestimated
the disutility values due to delayed union.”
In the revised model (Garrison 2007), based on the authors’ as-
sumption that disutility values are likely to be overestimated in
the original ABACUS model, and in the absence of alternative
objective data, disutility values are arbitrarily assumed be 30%
smaller than those used in the original ABACUS model (i.c. a
more conservative assumption)
The quality-adjusted life-years (QALYs) gained by the use of BMP
are estimated based on the number of open tibial fracture patients,
the additional well-patient weeks gained per intervention group
patient (see table below) and assumed disutility values.
Average (mean) number of well-patient weeks gained per patient
All open tibial fractures*: 5.35
Gustilo-Anderson grade ITIC:11.43
Gustilo-Anderson grade ITIB: 11.43
Gustilo-Anderson grade ITIA: 4.71
Gustilo-Anderson grade II: 5.72

e Gustilo-Anderson grade I: 2.14
That is, for each open tibial fracture severity category, the QALYs

gained are calculated by:
QALY = (Ntf x Wpw/52) x Duv
Where:
e Nitfis the number of OTF patients (3329.6);

e Wpw is the number of well-patient weeks gained per
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patient by the use of BMP; and

e Duv is the disutility value because of fracture nonunion.
Average (mean) time to fracture union per patient (weeks):
All open fractures*

e Intervention = 26.64

e Control = 31.99
Gustilo-Anderson grade ITIC:

e Intervention = 32.57

e Control = 44.00
Gustilo-Anderson grade ITIB:

e Intervention = 32.57

e Control = 44.00
Gustilo-Anderson grade ITIA:

e Intervention = 30.86

e Control = 35.57
Gustilo-Anderson grade II:

e Intervention = 21.14

e Control = 26.86
Gustilo-Anderson grade I:

e Intervention = 25.57

e Control = 29.71

Source(s) of unit cost data Direct medical costs (health service):
The most up-to-date data available UK national sources are used
for each unit cost
Standard treatment of open tibial fracture (IM with routine soft
tissue management) by severity type:

e Gustilo-Anderson grade I (cost per fracture): National
Schedule of Reference Costs 2005/06 NHS Trusts Non Elective
In Patient HRG Data H35: Open Lower Limb Fractures or
Dislocations lower quartile value.

e Gustilo-Anderson grade II (cost per fracture): National
Schedule of Reference Costs 2005/06 NHS Trusts Non Elective
In Patient HRG Data H35: Open Lower Limb Fractures or
Dislocations midpoint of lower quartile and national average
values.

o Gustilo-Anderson grade ITIA (cost per fracture): National
Schedule of Reference Costs 2005/06 NHS Trusts Non Elective
In Patient HRG Data H35: Open Lower Limb Fractures or
Dislocations national average value.

e Gustilo-Anderson grade ITIB (cost per fracture): National
Schedule of Reference Costs 2005/06 NHS Trusts Non Elective
In Patient HRG Data H35: Open Lower Limb Fractures or
Dislocations midpoint of national average and upper quartile
values.

e Gustilo-Anderson grade IIIC (cost per fracture): National
Schedule of Reference Costs 2005/06 NHS Trusts Non Elective
In Patient HRG Data H35: Open Lower Limb Fractures or
Dislocations upper quartile value.
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thBMP-2: 1.50 mg/mL delivered by Inductos absorbable Type I
bovine collagen sponge:

e Personal communication (Wyeth Pharmaceuticals), 2006.
Infections:

e Less severe (cost per infection): National Schedule of
Reference Costs 2003 NHS Trusts Elective In Patient HRG Data
S20: Postoperative Infections 50% of national average value.

e Intermediate (cost per infection): National Schedule of
Reference Costs 2003 NHS Trusts Elective In Patient HRG
Data S20: Postoperative Infections national average value.

e Severe (cost per infection): National Schedule of Reference
Costs 2003 NHS Trusts Elective In Patient HRG Data S20:
Postoperative Infections 150% of national average value.
Secondary interventions:

Most invasive:

e Bone graft (cost per intervention): National Tariff 2006/07
Admitted Patient Care Tariff HRG Code H16 Soft tissue or
other bone procedures: Category 1: >69 or w cc Non-elective
spell tariff

e Exchange nailing (cost per intervention): National Tariff
2006/07 Admitted Patient Care Tariff HRG Code H17 Soft
tissue or other bone procedures: Category 1: <70 w/o cc Non-
elective spell tariff.

o Plate fixation (cost per intervention): National Tariff 2006/
07 Admitted Patient Care Tariff - HRG Code H16 Soft tissue
or other bone procedures: Category 1: >69 or w cc Non-elective
spell tariff.

e Fibular osteotomy (cost per intervention): National Tariff
2006/07 Admitted Patient Care Tariff - HRG Code H17 Soft
tissue or other bone procedures: Category 1: <70 w/o cc Non-
elective spell tariff.

e Bone transport cost per intervention): National Tariff
2006/07 Admitted Patient Care Tariff - HRG Code H16 Soft
tissue or other bone procedures: Category 1: >69 or w cc Non-
elective spell tariff.

Less invasive:

e Nail dynamisation (cost per intervention): National Tariff
2006/07 Admitted Patient Care Tariff HRG Code H52
Removal or fixation device <70 w/o cc Non-elective spell tariff.

e Internal fixation to brace (cost per intervention): National
Tariff 2006/07 Admitted Patient Care Tariff HRG Code H52
Removal or fixation device <70 w/o cc Non-elective spell tariff.
Outpatient contacts (cost per outpatient contact):

e National Tariff 2006/07 Mandatory Outpatient Tariff
Speciality Code 110 Trauma and orthopaedics Adult follow-up

attendance tariff.

Currency

UK GBP (£)
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Price year

2006

Direct medical resource use: thBMP-2

thBMP-2: 1.50 mg/mL delivered by Inductos absorbable Type I
bovine collagen sponge, per patient

Direct medical costs: thBMP-2

£1790 per patient

Direct medical resource use: Operative time (minutes)

Operative time is not measured directly in this study, but is incor-
porated into the reference cost for ‘Open Lower Limb Fractures
or Dislocations’ (see ‘Sources of unit cost data’, above). Since the
same reference cost is used in the model with respect to both the
intervention and control groups, it is implicit that the model as-
sumes no difference in operative time (duration of operation) or
cost between the intervention and control groups

Direct medical unit costs: Operative time (per minute/ per hour)

Operative time is not measured directly in this study, but is in-
corporated into the reference cost (code) for ‘Open Lower Limb
Fractures or Dislocations” (see ‘Sources of unit cost data’, above)
. Since the same reference cost is used in the model with respect
to both the intervention and control groups, it is implicit that
the model assumes no difference in operative time (duration of
operation) or cost between the intervention and control groups

Direct medical resource use: Length of postoperative hospital stay

(days)

Length of postoperative hospital stay is not measured directly in
this study, but is incorporated into the reference cost (code) for
‘Open Lower Limb Fractures or Dislocations’ (see ‘Sources of unit
cost data’, above). Since the same reference cost is used in the
model with respect to both the intervention and control groups,
it is implicit that the model assumes no difference in length or
cost of postoperative hospital stay between the intervention and
control groups

Direct medical unit costs: Postoperative hospital stay (per day)

Length of postoperative hospital stay is not measured directly in
this study, but is incorporated into the reference cost (code) for
‘Open Lower Limb Fractures or Dislocations’ (see ‘Sources of unit
cost data’, above). Since the same reference cost is used in the
model with respect to both the intervention and control groups,
it is implicit that the model assumes no difference in length or
cost of postoperative hospital stay between the intervention and
control groups

Direct medical resource use: Other*

Standard treatment of open tibial fracture (IM with routine soft
tissue management) by severity type:
All open fractures:
e Intervention: 3329.6 (3,329.6)
e Control: 3329.6 (3,329.6)
Gustilo-Anderson grade ITIC:
e Intervention: 126.5 (126.5)
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e Control: 126.5 (126.5)
Gustilo-Anderson grade ITIB:

e Intervention: 929.0 (929.0)

e Control: 929.0 (929.0)
Gustilo-Anderson grade ITIA:

e Intervention: 749.2 (749.2)

e Control: 749.2 (749.2)
Gustilo-Anderson grade II:

e Intervention: 722.5 (722.5)

e Control: 722.5 (722.5)
Gustilo-Anderson grade I:

o Intervention: 802.4 (802.4)

o Control: 802.4 (802.4)

Less severe infections:
All open fractures:

o Intervention: 421.1(3,329.6)

e Control: 623.8 (3,329.6)
Gustilo-Anderson grade ITIC:

e Intervention: 23.4 (126.5)

e Control: 37.2 (126.5)
Gustilo-Anderson grade ITIB:

e Intervention: 172.0 (929.0)

e Control: 273.2 (929.0)
Gustilo-Anderson grade ITIA:

e Intervention: 78.9 (749.2)

e Control: 160.5 (749.2)
Gustilo-Anderson grade II:

e Intervention: 32.1 (722.5)

e Control: 52.5 (722.5)
Gustilo-Anderson grade I:

o Intervention: 114.7 (802.4)

e Control 100.3 (802.4)
Intermediate infections:
All open fractures:

o Intervention: 185.1(3,329.6)

e Control: 322.1 (3,329.6)
Gustilo-Anderson grade ITIC:

e Intervention: 9.4 (126.5)

e Control: 22.3 (126.5)
Gustilo-Anderson grade ITIB:

e Intervention: 68.8 (929.0)

e Control: 164.0 (929.0)
Gustilo-Anderson grade ITIA:

o Intervention: 19.7 (749.2)

e Control: 71.3 (749.2)
Gustilo-Anderson grade II:

e Intervention: 64.2 (722.5)
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e Control: 39.4 (722.5)
Gustilo-Anderson grade I:
e Intervention: 22.9 (802.4)
e Control: 25.1 (802.4)
Severe infections:
All open fractures:
o Intervention: 74.8 (3,329.6)
e Control: 110.9 (3,329.6)
Gustilo-Anderson grade ITIC:
o Intervention: 4.7 (126.5)
e Control: 7.4 (126.5)
Gustilo-Anderson grade ITIB:
e Intervention: 34.4 (929.0)
e Control: 54.6 (929.0)
Gustilo-Anderson grade ITIA:
e Intervention: 19.7 (749.2)
e Control: 35.7 (749.2)
Gustilo-Anderson grade II:
e Intervention: 16.0 (722.5)
e Control: 13.1 (722.5)
Gustilo-Anderson grade I:
o Intervention: 0.0 (802.4)
e Control: 0.0 (802.4)
Secondary interventions:
- Most invasive:
Bone Graft:
All open fractures:
o Intervention: 106.6 (3,329.6)
e Control: 295.7 (3,329.6)
Gustilo-Anderson grade ITIC:
o Intervention: 7.4 (126.5)
e Control: 23.5 (126.5)
Gustilo-Anderson grade ITIB:
e Intervention: 54.2 (929.0)
e Control: 172.2 (929.0)
Gustilo-Anderson grade ITIA:
e Intervention: 23.3 (749.2)
e Control: 49.2 (749.2)
Gustilo-Anderson grade II:
e Intervention: 12.7 (722.5)
e Control: 31.0 (722.5)
Gustilo-Anderson grade I:
o Intervention: 9.0 (802.4)
e Control: 19.8 (802.4)
Exchange nailing:
All open fractures:
o Intervention: 98.9 (3,329.6)
e Control: 273.0 (3,329.6)
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Gustilo-Anderson grade ITIC:
e Intervention: 7.4 (126.5)
e Control: 21.7 (126.5)
Gustilo-Anderson grade ITIB:
e Intervention: 50.0 (929.0)
e Control: 59.0 (929.0)
Gustilo-Anderson grade ITIA:
e Intervention: 21.5 (749.2)
o Control: 45.4 (749.2)
Gustilo-Anderson grade II:
o Intervention: 11.7 (723)
e Control: 28.7 (723)
Gustilo-Anderson grade I:
e Intervention: 8.3 (802.4)
e Control: 18.2 (802.4)
Plate fixation:
All open fractures:
o Intervention: 24.6 (3329.6)
e Control: 68.3 (3329.6)
Gustilo-Anderson grade ITIC:
o Intervention: 1.7 (126.5)
e Control: 5.4 (126.5)
Gustilo-Anderson grade ITIB:
e Intervention: 12.5 (929.0)
e Control: 39.7 (929.0)

e Gustilo-Anderson grade ITIA:

e Intervention: 5.4 (749.2)

e Control: 11.4 (749.2)
Gustilo-Anderson grade II:

e Intervention: 2.9 (722.5)
Control: 7.2 (722.5)
Gustilo-Anderson grade I:
Intervention: 2.1 (802.4)
Control: 4.6 (802.4)

Fibular osteotomy:

All open fractures:
e Intervention: 41.0 (3329.6)
e Control: 113.6 (3329.6)
Gustilo-Anderson grade ITIC:
e Intervention: 2.8 (126.5)
e Control: 9.0 (126.5)
Gustilo-Anderson grade ITIB:
o Intervention: 20.8 (929.0)
e Control: 66.2 (929.0)
Gustilo-Anderson grade ITIA:
o Intervention: 9.0 (749.2)
e Control: 18.9 (749.2)
Gustilo-Anderson grade II:
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o Intervention: 4.9 (722.5)
e Control: 11.9 (722.5)
Gustilo-Anderson grade I:
e Intervention: 3.5 (802.4)
e Control: 7.6 (802.4)
Bone Transport:
All open fractures:
o Intervention: 0 (3329.6)
e Control: 0 (3329.6)
Gustilo-Anderson grade ITIC:
o Intervention: 0 (126.5)
e Control: 0 (126.5)
Gustilo-Anderson grade ITIB:
e Intervention: 0 (929.0)
e Control: 0 (929.0)
Gustilo-Anderson grade ITIA:
e Intervention: 0 (749.2)
e Control: 0 (749.2)
Gustilo-Anderson grade II:
e Intervention: 0 (722.5)
e Control: 0 (722.5)
Gustilo-Anderson grade I:
o Intervention: 0 (802.4)
e Control: 0 (802.4)
- Less invasive:
Nail dynamisation:
All open fractures:
Intervention: 476.6 (3329.6)
Control: 598.1 (3329.6)

Intervention: 31.3 (126.5)
Control: 21.7 (126.5)
Gustilo-Anderson grade ITIB:

e Intervention: 229.9 (929.0)

e Control: 156.5 (929.0)
Gustilo-Anderson grade ITIA:

e Intervention: 75.3 (749.2)

e Control: 153.2 (749.2)
Gustilo-Anderson grade II:

e Intervention: 30.7 (722.5)

e Control: 75.2 (722.5)
Gustilo-Anderson grade I:

o Intervention: 109.4 (802.4)

e Control: 191.5 (802.4)

Internal fixation to brace:

All open fractures:
o Intervention: 22.8 (3329.6)
o Control: 28.5 (3329.6)

Gustilo-Anderson grade ITIC:
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Gustilo-Anderson grade ITIC:

e Intervention: 1.5 (126.5)

e Control: 1.0 (126.5)
Gustilo-Anderson grade ITIB:

e Intervention: 11.0 (929.0)

e Control: 7.5 (929.0)
Gustilo-Anderson grade ITIA:

o Intervention: 3.6 (749.2)

e Control: 7.3 (749.2)
Gustilo-Anderson grade II:

o Intervention: 1.5 (722.5)

e Control: 3.6 (722.5)
Gustilo-Anderson grade I:

e Intervention: 5.2 (802.4)

e Control: 9.1 (802.4)
Outpatient contacts:
The model assumes one outpatient visit every four weeks before
fracture healing (union):
All open fractures:

e Intervention: 17,190.25 (3329.6)

e Control: 20,259.00 (3329.6)
Gustilo-Anderson grade ITIC:

o Intervention: 1,029.71 (126.5)

e Control: 1,391.5 (126.5)
Gustilo-Anderson grade ITIB:

e Intervention: 1,029.71 (929.0)

e Control: 1,391.5 (929.0)
Gustilo-Anderson grade ITIA:

o Intervention: 5,778.54 (749.2)

o Control: 6,660.48 (749.2)
Gustilo-Anderson grade II:

e Intervention: 3,821.06 (722.5)

o Control: 4,854.95 (722.5)
Gustilo-Anderson grade I:

e Intervention: 5,531.23 (802.4)

e Control: 5,960.57 (802.4)

Direct medical unit costs: Other

Standard treatment of open tibial fracture (IM with routine soft
tissue management) by severity type (includes operative time and
postoperative hospital stay):

o Gustilo-Anderson grade IIIC (cost per fracture): £4014
(2005 UKGBP)

e Gustilo-Anderson grade ITIB (cost per fracture): £3768
(2005 UKGBP)

o Gustilo-Anderson grade IIIA (cost per fracture): £3521
(2005 UKGBP)

e Gustilo-Anderson grade II (cost per fracture): £2674 (2005
UKGBP)

e Gustilo-Anderson grade I (cost per fracture): £1827 (2005
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UKGBP)
Infections:

e Less severe (cost per infection): £976 (2003 GBP)

o Intermediate (cost per infection): £1952 (2003 GBP)

e Severe (cost per infection): £2928 (2003 GBP)
N.B. The model assumed the unit cost for intermediate infec-
tions to be the mean unit cost for all infections. In the sensitivity
analysis, the unit cost for less severe infections and the unit cost
for severe infections were used, respectively, as the minimum and
maximum unit cost values of the distribution from which values
were drawn (see ‘Methods used to allow for uncertainty’, below).
Secondary interventions:
- Most invasive:

e Bone graft (cost per intervention): £3971 (2006 GBP)

e Exchange nailing (cost per intervention): £2186 (2006
GBP)

o Plate fixation (cost per intervention): £3971 (2006 GBP)

e Fibular osteotomy (cost per intervention): £2186 (2006
GBP)

e Bone transport (cost per intervention): £3971 (2006 GBP)
- Less invasive:

e Nail dynamisation (cost per intervention): £1439 (2006
GBP)

e Internal fixation to brace (cost per intervention): £1439
(2006 GBP)
Outpatient contacts (cost per outpatient contact):

e £71 (2006 GBP)

Average (mean) total direct medical costs

Intervention (thBMP-2 with IM and routine soft tissue manage-
ment) ***:
All open fractures (cost per patient):

e Intervention = £5958.48 (SD = 832.46)

e Control = £4904.14 (SD = 914.00)

o Incremental = £1054.34 (SD = 278.08) (95% CI = 454.33
to 1525.85) (favours control).
Gustilo-Anderson grade ITIC (cost per patient):

o Intervention = £7436.33 (SD = 2389.38)

e Control = £7003.09 (SD = 2355.92)

o Incremental = £433.24 (SD = 488.68) (95% CI = -615.61
to 1287.34) (favours control).
Gustilo-Anderson grade ITIB (cost per patient):

o Intervention = £7247.32 (SD = 1863.78)

e Control = £6810.77 (SD = 1883.44)

e Incremental = £436.56 (SD = 484.88) (95% CI = -617.47
to 1298.62) (favours control).
Gustilo-Anderson grade ITIB and grade ITIA (cost per patient):

o Intervention = £6861.92 (SD = 1302.73)

e Control = £6153.82 (SD = 1346.16)

o Incremental = £708.10 (SD = 374.00) (95% CI = -82.25
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to 1386.88) (favours control).
Gustilo-Anderson grade IIIA (cost per patient):

e Intervention = £6384.82 (SD = 1749.09)

e Control = £5339.82 (SD = 1584.65)

o Incremental = £1045.00 (SD = 244.86) (95% CI = 535.36
to 1495.18) (favours control).

Gustilo-Anderson grade II (cost per patient):

e Intervention = £5253.95 (SD = 1405.11)

e Control = £3783.66 (SD = 1156.41)

o Incremental = £1470.28 (SD = 151.66) (95% CI = 1088.
39 to 1677.15) (favours control).
Gustilo-Anderson grade I (cost per patient):

e Intervention = £4461.08 (SD = 1117.66)

e Control = £2960.23 (SD = 864.20)

o Incremental = £1500.85 (SD = 149.38) (95% CI = 1151.
14 to 1738.49) (favours control).

Productivity resource use: Employment status before and after
treatment

Not measured.

Productivity resource use: number and/ or time return to work (for
those patients in employment before treatment)/ lost or reduced
productivity (time off work)

Not measured.

Productivity unit costs: lost or reduced productivity (time off
work)

Not measured.

Average (mean) total productivity costs (time off work)

Not measured.

Average total non-medical costs (e.g. patient out-of-pocket ex-
penses)

Not measured.

Average (mean) total costs

See Average (mean) total direct medical costs’, above.

Discount rate used and justification

Discounting is not discussed. However, discounting is not appro-
priate as the time horizon of the model was one year*

Explanation if costs and effects are not discounted

Discounting is not discussed. However, discounting is not appro-
priate as the time horizon of the model was one year*

Statistical analysis of costs

Costs are analysed using probabilistic simulations, which allow
a range of input values 50% greater or smaller than the point
estimates of all resource use, cost and effects parameters

Methods used to allow for uncertainty

The authors perform probabilistic sensitivity analysis to investi-
gate parameter uncertainty. Uncertainty is evaluated in all key cost
and effectiveness parameters. Ranges over which variables were
tested are determined based on the authors’ own assumptions.
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Specifically, probabilistic simulations (10,000 Monte Carlo sim-
ulations) are generated using a range of input values 50% greater
or smaller than the point estimates. Therefore, the variance of the
point estimate (mean) of direct medical costs per patient, and the
distances between the lower limit of the 95% CI and the mean,
and between the mean and the upper limit of the 95% CI, are in
part determined by these assumptions

The authors report that: “There is a 35.5% probability that the
cost per QALY gained by the use of BMP for open tibial fractures
is less than £30,000. The ICER is highly sensitive to the price of
thBMP-2. If the price of thBMP-2 is reduced by about 20% (that
is, from £1790 to £1432), the estimated cost per QALY gained
will be £21,534, based on the input values used in the modified
model.”

Structural uncertainty within the model is not investigated.

Synthesis of costs and benefits

The study reports cost-effectiveness results in terms of incremental
cost per QALY

Incremental cost-effectiveness results*

Incremental cost per QALY

e All acute open tibial fractures = £32,603.36* (95% CI 14,
084.75 to 61,256.75***).

e Gustilo-Anderson grade ITIC = £6168.29* (95% CI -8796.
85 to 27,096.64**)

e Gustilo-Anderson grade ITIB = £6168.29* (95% CI -9341.
27 to 24,380.97**)

e Gustilo-Anderson grade IIIB and IITA = £14,425.16 (95%
CI -1574.25 to0 39,035.10** )

e Gustilo-Anderson grade IIIA = £47,080.36* (95% CI 18,
964.29 to 106,705.28"*)

e Gustilo-Anderson grade II = £79,613.71* (95% CI 37,056.
50 to 162,540.60**)

o Gustilo-Anderson grade I = £400,796.55* (95% CI 194,
814.82 to 815,929.09**)
The authors state of the sensitivity analysis that: “There is a 35.
5% probability that the cost per QALY gained by the use of BMP
for [all] open tibial fractures is less than £30,000. The ICER is
highly sensitive to the price of thBMP-2. If the price of thBMP-
2 is reduced by about 20% (that is, from £1790 to £1432), the
estimated cost per QALY gained will be £21,534, based on the
input values used in the modified model.”
The authors also report that if the price of thBMP-2 were reduced
by 40% (from £1790 to £1074), the estimated cost per QALY
gained will be £10,465 (95% CI or measure of variance not re-
ported).
A secondary sensitivity analysis was conducted for the current
Cochrane review using the revised model supplied by the au-
thors**. This shows that:

e There is 98.6% probability that the cost per QALY gained
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by the use of BMP for Gustilo-Anderson grade IIIC open tibial
fractures is less than £30,000

e There is 99.5% probability that the cost per QALY gained
by the use of BMP for Gustilo-Anderson grade IIIB open tibial
fractures is less than £30,000.

e There is 12.9% probability that the cost per QALY gained
by the use of BMP for Gustilo-Anderson grade IIIA open tibial
fractures is less than £30,000.

e There is 0.7% probability that the cost per QALY gained
by the use of BMP for Gustilo-Anderson grade II open tibial
fractures is less than £30,000.

e There is 0.0% probability that the cost per QALY gained

by the use of BMP for Gustilo-Anderson grade I open tibial
fractures is less than £30,000.
This secondary sensitivity analysis suggests a further caveat is
needed for the authors’ conclusion that “cost-effectiveness may
be improved if BMP is used only for grade III acute open tibial
fractures”. Whilst use of BMP for grade IIIC and ITIB acute open
tibial fractures is very likely to be cost-effective, it appears that use
of BMP for grade IIIA acute open tibial fractures is less likely to
be cost-effective

Authors conclusions

The authors main conclusions are that the incremental cost-ef-
fectiveness ratio is highly sensitive to the price of th-BMP2 and
that cost-effectiveness may be improved if BMP is used only for
Gustilo-Anderson grade III acute open tibial fractures (i.e. for the
most severe fractures)

Commentary

Choice of comparator:

Although no explicit justification is provided for the comparator
used, it would appear to represent standard practice in the authors’
setting in 2006/07. End-users of this review should decide if the
comparator represents current practice in their own setting
Modelling:

The structure of the model, including a graphical representation
and modelling assumptions is reported. Data sources for all pa-
rameters are reported in full. *Although not reported, additional
information obtained from the authors indicates the time horizon
of the model (costs and effects) is one year (Song, personal com-
munication). The authors investigate uncertainty using a proba-
bilistic sensitivity analysis. Sensitive parameters are reported. Un-
certainty is evaluated in all key cost and effectiveness parameters.
Structural uncertainty is not assessed

Validity of estimate of costs:

Costs are assessed from the perspective of the UK healthcare sys-
tem. It appears that, given the perspective adopted, all relevant
categories of costs (resource use) are included in the analysis
Quantities of resource use are not reported separately from ag-
gregated cost data in the original study. Details of quantities of
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resource use reported above are extracted from unpublished data
provided by the study authors. Unit cost data are reported in full
in the original study, separately from aggregated cost data

Other issues:

The authors do not compare the principal findings of their study
with those from other studies

The authors’ conclusions appear to follow from the data reported
in the original study

The authors may have presented their results selectively in the
original study. In the original study, incremental average (mean)
cost per QALY is reported for all open fractures and for Gustilo-
Anderson grade I fractures (i.e. IIIA, IIIB, and ITIC combined),
but not for Gustilo-Anderson grades IIIA, IIIB, or IIIC fractures
separately, nor for Gustilo-Anderson II or grade I fractures. The
same is true with respect to average (mean) direct medical costs
per patient.

The authors discuss one limitation of the study: that there is cur-
rently a lack of objective data on utility (disutility) values asso-
ciated with open tibial fractures. Whilst the authors attempt to
deal with this by assuming more conservative utility values in the
revised model compared to those used in the original industry-
sponsored model (which were based on values associated with hip
fracture and fear of falling among older women and values associ-
ated with long-standing vertebral osteoporotic fracture in women)
, the revised assumption is acknowledged by the authors to be
arbitrary

* Based on additional information and/or original dataset supplied by the authors

**Based on secondary analysis of the original dataset (conducted by IS)

***Based on the cost effectiveness acceptability curve (CEAC)
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Health Technology Recombinant Bone Morphogenetic Protein-2 (thBMP-2) for
treatment of acute open tibial shaft fractures in skeletally mature
adults

Intervention(s) 1.50 mg/mL thBMP-2 delivered by absorbable Type I bovine
collagen sponge as an adjunct to intramedullary nail fixation (IM)
with routine soft tissue management

Comparison(s) IM with routine soft tissue management.

Fracture type(s) Acute open tibial shaft (Gustilo-Anderson types I, II, IIIA and

I1IB)

Hypothesis/study question

The objective of the study is to compare the costs associated with
use of thBMP-2 as an adjunct to IM with routine soft-tissue man-
agement, versus the costs associated with the current standard sur-
gical treatment of acute open tibial shaft fractures: use of IM with
routine soft tissue management alone

Economic study type

Cost analysis.

Analytic perspective

The study assesses costs from two perspectives: single provider
(hospital - i.e. direct medical costs and revenues for inpatient ser-
vices) and third-party payer (insurer - i.e. direct medical costs of
the physician and inpatient and outpatient services)

Study population

The randomised population in the multi-centre prospective ran-
domised controlled trial from which the population in this cost
analysis was drawn (Govender 2002) comprises 450 skeletally ma-
ture adult patients with open tibial shaft fractures of varying sever-
ity (Gustilo-Anderson types I, II, ITIA and IIIB). Exclusion crite-
ria are not reported

The study population included in this cost analysis (Jones 2004)
comprises a sub-group of 292 patients drawn from the intention-
to-treat (ITT) population of the above trial (Intervention group
= 145, Comparison group = 147).

Modelling and statistical extrapolation

Trial participants were observed to one year follow-up but the
stated time horizon for the cost analysis is two years. Statistical
methods used to extrapolate measures of medical resource use (e.
g. numbers of secondary and subsequent interventions) over a
two-year period from the observed measures (one-year) are not
reported

Setting Inpatient care (secondary care) and subsequent outpatient care
(secondary care). The setting for the cost analysis is the United
States. The randomised population in the trial from which the
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population in this cost analysis is drawn (Govender 2002) were
recruited at 49 centres (hospitals) in 11 countries: Australia, Bel-
gium, Canada, Finland, France, Germany, Israel, Netherlands,
Norway, South Africa, United Kingdom

Dates to which data relate / time horizon of costs and effects

The time horizon for costs (resource use) is two years. Resource
use data were collected prospectively between April 2007 and De-
cember 1999 (Govender 2002) over a one year follow-up period.
The study uses 2003 prices (USD §).

Clinical and epidemiological data

Not applicable: The study derives all clinical evidence used to esti-
mate resource use from a single study (Govender 2002). Resource
use data were collected prospectively within this single study: a
multi-centre prospective randomised controlled trial (Govender
2002).

Data sources

Not applicable: The study derives all clinical evidence used to
estimate resource use data utilised in the cost-analysis from a single
study (Govender 2002).

Methods used to obtain data

Not applicable: The study derives all clinical evidence used to
estimate resource use data utilised in the cost-analysis from a single
study (Govender 2002).

Link between effectiveness and cost data

Not applicable: the study is a cost analysis. Resource use data
were collected prospectively within a single study: a multi-centre
prospective randomised controlled trial (Govender 2002).

Study sample (effectiveness data)

Not applicable: the study is a cost analysis. Study uses clinical
evidence on complications and revision procedures to estimate
‘downstream’ cost-differences between the experimental and com-
parator interventions

Study design (effectiveness data)

Not applicable: the study is a cost analysis. However, estimates of
resource use are based on clinical data relating to complications
and revision procedures, sourced from a randomised controlled
trial (Govender 2002).

Analysis of effectiveness

Not applicable: the study is a cost analysis.

Effectiveness results

Not applicable: the study is a cost analysis.

Clinical conclusions

Not applicable: the study is a cost analysis.

Measure of benefits used in the economic analysis / methods used
to value benefits / Details of subjects from whom valuations were
obtained

Not applicable: the study is a cost analysis.
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Source(s) of unit cost data

The authors state only that unit costs were obtained from national
hospital and ambulatory data (United States)

Average costs (i.e. the total cost divided by the number of units
provided) per patient are reported in this study

Currency

US Dollars ($)

Price year

2003

Direct medical resource use: thBMP-2

1.50 mg/mL per patient (fixed dosage)

Direct medical costs: thBMP-2

$4900 per patient (fixed cost). The source of this unit cost is not
reported

Direct medical resource use: Operative time (minutes)

Operative time (minutes) is not reported.

Direct medical unit costs: Operative time (per minute/ per hour)

Unit cost of operative time (minutes) is not reported.

Direct medical resource use: Length of postoperative hospital stay

(days)

Length of postoperative hospital stay (days) is not reported

Direct medical unit costs: Postoperative hospital stay (per day)

Unit cost of length of postoperative hospital stay (days) is not
reported

Direct medical resource use: Other

Fracture fixation, wound procedures before and during definitive
wound closure, secondary and subsequent interventions, compli-
cations and infections. Numbers by treatment group (two year
period) are not reported

Direct medical unit costs: Other

Unit costs relating to other direct medical resources are not re-
ported

Average (mean) total direct medical costs

Single provider (hospital) perspective - inpatient care only; base
case (assuming no cost reimbursement for thBMP-2); two-year
costs.

e Intervention = $13,733 per patient

e Control = $9329 per patient

e Incremental = $4404 per patient (favours control)
Cost offsets associated with:

e Fewer secondary interventions = $ -104

e Reduction in infection rates = $ -393

e Faster healing time and reduced use of non-invasive
adjuncts = N/A
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Insurer (third-party payer) perspective - inpatient care and outpa-
tient care; base case (assuming no cost reimbursement for rhBMP-
2); two-year costs:

e Intervention = $16, 734 per patient

e Control = $20,217 per patient

e Incremental = $ -3483 per patient (favours intervention)
Cost offsets associated with:

e Fewer secondary interventions = $ -374

e Reduction in infection rates = $ -2022

e Faster healing time and reduced use of non-invasive
adjuncts = $ -1087
Details of any statistical tests undertaken to assess distributions of
individual-level (per patient) cost data around point estimates are
not reported

Productivity resource use: Employment status before and after
treatment

Not measured.

Productivity resource use: number and/ or time return to work (for
those patients in employment before treatment)/ lost or reduced
productivity (time off work)

Not measured.

Productivity unit costs: lost or reduced productivity (time off
work)

Not measured.

Average (mean) total productivity costs (time off work)

Not measured.

Average (mean) total non-medical costs (e.g. patient out-of-pocket
expenses)

Not measured.

Average (mean) total costs

See ‘Average (mean) total direct medical costs’, above.

Discount rate used and justification

Discounting is not reported or discussed. Discounting is appro-
priate as the time horizon of the analysis is two years

Explanation if costs and effects are not discounted

Discounting is not reported or discussed. Discounting is appro-
priate as the time horizon of the analysis is two years

Statistical analysis of costs

Mean costs are reported but no standard errors, standard devia-
tions or confidence intervals are reported. Details of any statisti-
cal tests that may have been undertaken to assess distributions of
individual-level (per patient) cost data around point estimates are
not reported

Methods used to allow for uncertainty

The authors conduct a one-way sensitivity analysis using esti-
mated cost data, which involved varying the assumed percentage
of up-front costs of thBMP-2 ($4,900) reimbursed by a third-
party payer to three levels: 0% (base case), 50% and 100%:

Base case:
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See ‘Average (mean) total direct medical costs’, above.
50% reimbursement:
Single provider (hospital) perspective - inpatient care only; two-year
costs:

e Intervention = $11,283 per patient

e Control = $9329 per patient

e Incremental = $1954 per patient (favours control)
Insurer (third-party payer) perspective - inpatient care and outpatient
care; two-year costs:

e Intervention = $14,284 per patient

e Control = $20,217 per patient

e Incremental = $ - 5,933 per patient (favours intervention)
100% reimbursement:
Single provider (hospital) perspective - inpatient care only; two-year
costs:

o Intervention = $8883 per patient

e Control = $9329 per patient

e Incremental = $ -446 per patient (favours intervention)
Insurer (third-party payer) perspective - inpatient care and outpatient
care; two-year costs:

e Intervention = $11,834 per patient

e Control = $20,217 per patient

e Incremental = $ -8383 per patient (favours intervention)
No other sensitivity analysis is reported. Details of any statistical
tests undertaken to assess distributions of individual-level (per
patient) cost data around point estimates are not reported

Synthesis of costs and benefits

Not applicable - study is a cost analysis.

Incremental cost-effectiveness results

Not applicable - study is a cost analysis.

Authors conclusions

The authors conclude that: “The clinical benefits of thBMP-2
translate into substantial reductions in medical resource utiliza-
tion and costs over a 2-year time horizon. From a payer’s per-
spective, if hospitals are reimbursed for half the cost of thBMP-
2, then the entire rhBMP-2 cost will be offset because of fewer
downstream clinical events such as SI and infections. For hospi-
tals, lack of thBMP-2 reimbursement by payers results in limited
cost offsets. When payers' thBMP-2 reimbursement policies are
more generous (e.g. reimbursement 50% of the thBMP-2 cost),
considerable cost offsets are achieved by both payers and hospi-
tals. Patients, physicians, payers, and hospitals should consider
both the clinical and economic benefits of use of thBMP-2 asso-
ciated with avoiding delayed union or nonunion, infections, and
SI. This economic analysis suggests that thBMP-2 reimbursement
policy is important in determining the economic value of thBMP-
2 from the payer and hospital perspectives. Favourable economic
results can be achieved for both stake-holders with partial or full
reimbursement of the thBMP-2 cost.”
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Commentary

Choice of comparator:

Although no explicit justification is provided for the comparator
used, it would appear to represent standard practice in the authors’
setting in 2003. End-users of this review should decide if the
comparator represents current practice in their own setting
Modelling:

Not applicable study does not use a formal economic model.
Validity of estimate of costs:

The analysis of costs is performed from two perspectives: those of
the single provider (hospital) and the insurer (third-party payer)
. It appears that, given the perspectives adopted, most relevant
categories of costs (resource use) are included in the analysis. As
the analysis does not include costs borne by employers, the patient
and their families (e.g. productivity costs, costs of informal care,
other out-of-pocket expenses), it is likely that the reported cost
savings associated with the clinical benefits accruing from the use
of BMP-2 are underestimated, from a societal perspective
Limitations of reporting estimates of costs are that measures of
resource use are not reported separately from their unit costs and
measures of variance (e.g. standard deviations, standard errors) are
not reported for mean values

Other issues:

The authors do not compare their findings with those from other
studies. The authors do not acknowledge or address the issue of
potential variations in treatment costs between patients with tibial
shaft fractures of different severities

The authors do not appear to have reported results selectively.
Although this cost analysis is based on a sub-group of the inten-
tion-to-treat population within the trial utilised as the source of
resource use data, this decision may be attributable to the clinical
results of the source trial, which indicate that only the 1.5 mg/mL
concentration of thBMP-2 and not the 0.75 mg/mL concentra-
tion demonstrate clinical efficacy compared to standard care

In general, the authors’ conclusions appear to follow from the
data reported. The authors state that “from a payer’s perspective,
if hospitals are reimbursed for half the cost of thBMP-2, then the
entire thBMP-2 cost will be offset because of fewer downstream
clinical events such as SI and infections”. This statement is rea-
sonable based on the data reported.

However, an alternative but equally reasonable conclusion would
have been that from a third-party payer perspective (and taking
into account cost offsets associated with fewer downstream clinical
events), the entire up-front cost of thBMP-2 ($4,900) is offset if
hospitals are reimbursed at a rate of 29%, and also that from a
single provider (hospital) perspective, (again, taking into account
cost offsets associated with fewer downstream clinical events), 9%
of the up-front cost of thBMP-2 is offset if hospitals are reimbursed
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at a rate of 100%

Only a very limited sensitivity analysis is reported, so it is not clear
how much confidence we can have in the study conclusions

The authors do not discuss any limitations of their study.

van Engen 2003

Country code

United Kingdom and Germany.

Publication language English.
Funding source for study Not reported.
Other published or unpublished versions of study None.

Related publications

Not clear - none reported. The authors state only that “Data on
efficacy were obtained from clinical trials and literature”

Health Technology

Osteogenic Protein 1 (OP-1 - Osigraft® - BMP-7) for the treat-
ment of nonunion tibial fractures in skeletally mature adults

Intervention(s)

OP-1 (BMP-7) as an adjunct to intramedullary nail fixation (IM)
with routine soft tissue management

Dose and delivery mechanism are not reported.

The authors assume that IM has already been performed as an
initial surgery following the injury, prior to diagnosis of nonunion

Comparator(s)

United Kingdom: 1. Autograft (autogenous iliac crest bone graft)
as an adjunct to IM with routine soft tissue management. 2.
Ilizarov fixation as an adjunct to IM with routine soft tissue man-
agement. The authors assume that IM has already been performed
as an initial surgery following the injury, prior to diagnosis of
nonunion

Germany: Usual care - Fixation with a nail or plate as an adjunct
to IM with routine soft tissue management, with autograft (auto-
genous iliac crest bone graft) if appropriate. The authors assume
that IM has already been performed as an initial surgery following
the injury, prior to diagnosis of nonunion

Fracture type(s)

Nonunion tibial shaft fractures (range of severity not reported)

Hypothesis/study question

The objective of the study is to compare the cost-effectiveness
of OP-1 (BMP-7) as an adjunct to IM with routine soft-tissue
management, versus the current standard of surgical treatment of
nonunion tibial fractures in the UK and Germany respectively:
autograft (autogenous iliac crest bone graft) as an adjunct to IM

Bone morphogenetic protein (BMP) for fracture healing in adults (Review) 108
Copyright © 2010 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



(Continued)

with routine soft-tissue management (UK); Ilizarov fixation as an
adjunct to IM with routine soft-tissue management (UK); fixation
with a nail or plate, with autograft (autogenous iliac crest bone
graft) when appropriate (Germany)

Economic study type

Cost-effectiveness analysis.

Analytic perspective

The perspective of the study is a single provider (hospital)

Study population

The study population comprises skeletally mature adults treated in
ahospital for a tibial nonunion acquired secondary to trauma. The
authors state that “These patients were candidates for autograft. In
this study a nonunion is defined as a tibial fracture which has not
shown radiographic evidence of union for the preceding 9 months
after injury. The patient has not undergone surgical intervention
nor has he/she shown evidence of healing in the last three months
before treatment.”

Further details of the main characteristics of the study population
are not reported

Modelling and statistical extrapolation

A decision-analytic model (decision tree structure) based on clin-
ical decisions that could take place at each stage of treatment
following diagnosis of a tibial nonunion fracture, according to
a panel of experts (orthopaedic surgeons) in each country (UK
and Germany). Health states and transition probabilities are pre-
sented in full in the paper along with modelling assumptions. The
time horizon of the model is not reported; however the authors
state that “The model covers one treatment period for the tibial
nonunion, with ‘non healing’ as the end point for those patients
whose nonunion did not heal after one round of treatment.”

Setting

Inpatient care (secondary care) and subsequent outpatient care
(secondary care) in the UK and in Germany respectively

Dates to which data relate / time horizon of costs and effects

The time horizon for costs and effects is not reported. Dates of
collection of resource use data and beneficial and adverse effects
data are not reported

The study used 2001 prices (UK GBP £ and German Euros
EURO).

Clinical and epidemiological data

Clinical data includes an effectiveness measure, time to healed
fracture (union). The authors state that “In this study a nonunion
is defined as a tibial fracture which has not shown radiographic
evidence of union for the preceding 9 months after injury. The
patient has not undergone surgical intervention nor has he/she
shown evidence of healing in the last three months before treat-
ment.”

Clinical data relating to four categories of complications are in-
cluded in the model: osteomyelitis, infection of the operation site,
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hardware events and (for autograft - AICBG - patients only) donor
site morbidity. The authors state that “The treatment plan and
distribution of the different adverse events (complications) are in-
dependent of nonunion treatment. However, the incidence of an
adverse event is dependent on nonunion treatment.”

Data sources

The source(s) of the clinical and epidemiological data utilised in
the model are not described clearly. The authors state only that:
“Data on efficacy were obtained from clinical trials and literature.
Resource use data: The authors state that: “Estimates for health
care utilisation for treatment of the tibial nonunion were de-
rived from country-specific expert panels using a modified Delphi
method.”

Cost data: The authors state that: “Costs were based on current
costing data for UK and German hospitals, including the price
to the hospital of medications, procedures, consultations, and
the hospital bed cost. Follow-up outpatient treatment, including
physical therapy and consultations were also included. For all re-
sources, 2001 reimbursement rules were applied according to the
tariff lists: lists of prices of drugs, consultations, procedures and
hospitalisation. In the UK, the unit costs for medications were
obtained from the British National Formulary. Procedures, hospi-
talisations, and consultations were valued, wherever possible, ac-
cording to the costs reported in the “Unit Costs of Health and
Social Care” published by the Personal Social Services Research
Unit (PSSRU) at the University of Kent. For the hospitalisation
costs, costs per day are reported in the PSSRU. For Germany,
the unit costs for medications were obtained from the Rote Liste.
Procedures and consultations were valued, wherever possible, ac-
cording to official Einheitlicher Bewertungsmafistab (EBM) tar-
iffs published by the Kassenirztliche Bundesvereinigung (KBV).
Hospitalisation was valued according to the Statistisches Bunde-
samt 2000. The price of one treatment with Osigraft® [BMP-7]
was set at £2,720 and £4,400 respectively.”

Methods used to obtain data

The source(s) of the clinical and epidemiological data utilised in
the model are not described clearly. The authors state only that:
“Data on efficacy were obtained from clinical trials and literature”
Resource use data: The authors state that: “Estimates for health
care utilisation for treatment of the tibial nonunion were de-
rived from country-specific expert panels using a modified Delphi
method. A panel consisting of seven practising orthopaedic sur-
geons from the UK and 7 traumatologists from Germany were in-
terviewed. These were one-on-one interviews performed by tele-
phone. Disease specific questionnaires were developed to capture
health resource utilisation with the use of sample patient profiles
representing cases along the alternative clinical pathways of the
model.”
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Unit cost data: the authors state that: “Cost estimates for direct
medical care were based on estimating the units of health care
utilisation and their respective costs (using the sources described
in ‘Data Sources’, above). As such, instead of a single overall charge
billed for total health care resource use, individual items of medical
resource utilisation are costed, and the net cost is the aggregate of
all costed items.” The study reports principal cost and utilisation
parameters underlying the model in full

Link between effectiveness and cost data

Not applicable: study does not appear to be based on a single
source of clinical evidence

Study sample (effectiveness data)

Not applicable: study does not appear to be based on a single
source of clinical evidence

Study design (effectiveness data)

Not applicable: study does not appear to be based on a single
source of clinical evidence

Analysis of effectiveness

Not applicable: study does not appear to be based on a single
source of clinical evidence

Effectiveness results

Not applicable: study does not appear to be based on a single
source of clinical evidence

Clinical conclusions

Not applicable: study does not appear to be based on a single
source of clinical evidence

Measure of health benefits used in the economic analysis / methods
used to value benefits / Details of subjects from whom valuations
were obtained

The principal measure of health benefits used in the cost-effec-
tiveness analysis is ‘time to healed fracture (union)’. These data
are not reported
Rates of healed fractures (unions) included in the UK and German
models, by treatment strategy, are as follows:
UK

o Intervention (OP-1 (BMP-7)): 81%

e Control 1(Autograft - AICBG): 85%

o Control 2 (Ilizarov): 95%
Germany

e Intervention (OP-1 (BMP-7)): 81%

o Control (Usual care): 85%
The study is a cost-effectiveness analysis, so health benefits are not
valued

Source(s) of unit cost data

Direct medical costs (hospital):
UK

o Unit costs for medications obtained from the British
National Formulary (version number/ year not reported).

e Unit costs for procedures, hospitalisations, and
consultations were obtained from ‘Unit Costs of Health and
Social Care’ (Netten and colleagues) published by the Personal
Social Services Research Unit, University of Kent (version
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number/ year not reported).
Germany

e Unit costs for medications obtained from the Rote Liste
(citation and version/ dates not reported).

e Unit costs for procedures and consultations were obtained
from Einheitlicher Bewertungsmaf3stab (EBM) tariffs published
by the Kassenirztliche Bundesvereinigung (KBV) (citation and
version/ dates not reported).

e Unit costs for hospitalisations were obtained from
Statistisches Bundesamt 2000 (citation not reported)

For both UK and Germany, the data source(s) for the cost of OP-
1 (BMP-7) is (are) not specified

Average costs (i.e. the total cost divided by the number of units
provided) per patient are reported in this study

Currency UK: GBP (£)
Germany: Euros (EURO) - Germany
Price year The price year is 2001.

Direct medical resource use: thOP-1 (BMP-7)

Dosage per patient not specified (“one treatment”).

Direct medical costs: thOP-1 (BMP-7)

o UK: £2720 per patient

e Germany: EURO4400 per patient
For both UK and Germany, the data source(s) for the cost of OP-
1 (BMP-7) is (are) not specified

Direct medical resource use: Operative time (minutes)

Standard deviations, standard errors or 95% Cls are not reported
Average (mean) minutes per patient.
UK
e Intervention (OP-1 (BMP-7)): 90.
e Control 1(Autograft - AICBG): 81.
e Control 2 (Ilizarov): 212.
Germany
o Intervention (OP-1 (BMP-7)): 47.6
e Control (Usual care): 77.6

Direct medical unit costs: Operative time (per minute/ per hour)

UK

£400 per hour per patient (= £6.67 per min)

Germany

EURO103 per hour per patient (= EURO1.72 per min)

Direct medical resource use: Length of postoperative hospital stay

(days)

Standard deviations, standard errors or 95% Cls are not reported
Average (mean) days per patient.
UK
e Intervention (OP-1 (BMP-7)): 6.0
e Control 1(Autograft - AICBG): 6.5
e Control 2 (Ilizarov): 13.0
Germany
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e Intervention (OP-1 (BMP-7)): 12.9
e Control (Usual care): 13.0

Direct medical unit costs: Postoperative hospital stay (per day)

UK

£223 per day per patient
Germany

EURO309 per day per patient

Direct medical resource use: Other

Standard deviations, standard errors or 95% Cls are not reported
1. Personnel: Not reported.

2. Number of consultations during inpatient follow-up: Not re-
ported

3. Number of consultations during outpatient follow-up: Not
reported

4. Number of complications: Osteomyelitis: Not reported.

5. Number of complications: Infection of the operation site: Not
reported

6. Number of complications: Hardware events: Not reported.

7. Number of complications: Donor site morbidity: Not reported

Direct medical unit costs: Other

1. Personnel:

UK: £718 (OP-1 (BMP-7)); £948 (Autograft); £2356 (Ilizarov)
Germany: EURO191 (OP-1 (BMP-7)); EURO287 (Usual care)
2. Consultation during inpatient follow-up:

UK: £105 (OP-1 (BMP-7)); £116 (Autograft); £222 (Ilizarov)
Germany: EURO104 (OP-1 (BMP-7)); EURO104 (Usual care)
3. Consultation during outpatient follow-up:

UK: £246 (OP-1 (BMP-7)); £216 (Autograft); £704 (Ilizarov)
Germany: EURO415 (OP-1 (BMP-7)); EURO415 (Usual care)

4. Complication: Osteomyelitis:
UK: £11,102 per patient
Germany: EURO13,392 per patient

5. Complication: Infection of the operation site:
UK: £2932 per patient
Germany: EUROG6876 per patient

6a. Complication: Hardware event
UK: £2651 per patient
Germany: EURO4189 per patient

6b. Complication: Hardware event - Ilizarov
UK: £621 per patient
Germany: N/A

7. Complication: Donor site morbidity
UK: £2241per patient
Germany: EURO4881per patient
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Average (mean) total direct medical costs

Standard deviations, standard errors or 95% Cls are not reported
Cost per patient.
UK

o Intervention (OP-1 (BMP-7)) = £8797

e Control 1(Autograft - AICBG) = £9084

e Control 2 (Ilizarov - excluding frame costs) = £9722

e Incremental 1: OP-1 (BMP-7) vs Autograft (AICBG) = £ -
287 (favours intervention)

e Incremental 2: OP-1 (BMP-7) vs Ilizarov (including frame
costs) = £ -925 (favours intervention)
Germany

e Intervention (OP-1 (BMP-7)): EURO15,156

e Control (Usual care): EURO14,348

e Incremental: OP-1 (BMP-7) vs Usual care = EURO808 per
patient (favours control)

Productivity resource use: Employment status before and after
treatment

Not measured.

Productivity resource use: number and/ or time return to work (for
those patients in employment before treatment)/ lost or reduced
productivity (time off work)

Not measured.

Productivity unit costs: lost or reduced productivity (time off
work)

Not measured.

Average (mean) total productivity costs (time off work)

Not measured.

Average total non-medical costs (e.g. patient out-of-pocket ex-
penses)

Not measured.

Average (mean) total costs

See ‘Average (mean) total direct medical costs’ (above)

Discount rate used and justification

Discounting is not reported or discussed. It is not known whether
discounting is appropriate as time horizon of model is not re-
ported. The authors state only that: “The model covers one treat-
ment period for the tibial nonunion, with ‘non-healing’ as the end
point for those patients whose nonunion did not heal after one
round of treatment.”

Explanation if costs and effects are not discounted

Discounting is not reported or discussed.

Statistical analysis of costs

Not reported or discussed.

Methods used to allow for uncertainty

The authors performed univariate sensitivity analysis to investigate
parameter uncertainty. The authors state that: “These sensitivity
analyses were based on the modification of the basic clinical and
economic assumptions in the clinical outcome model in order to
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test the stability of the conclusions of the analysis over a range of
assumptions, probability estimates and value judgements.”

The authors also state that: “Sensitivity analyses showed that this
model is sensitive to the complication rates used” and that: “Pa-
rameters influencing cost-effectiveness included percentage of ad-
verse events and number of days in hospital.”

Further details of sensitivity analysis (methods and results) are not
reported

Synthesis of costs and benefits

Study reports cost-effectiveness results in terms of the average
(mean) direct medical cost per patient per healed fracture (union)
Cost-effectiveness ratios:
UK

e OP-1 (BMP-7); £10,860 per healed fracture

o Autograft: £10,687 per healed fracture

o llizarov: £10,234 per healed fracture
Germany

e OP-1 (BMP-7): EURO18,711 per healed fracture

e Usual care: EURO16,880 per healed fracture

Incremental cost-effectiveness results

An incremental analysis is not performed. However, incremental
results can be calculated from the data reported. Standard devia-
tions, standard errors or confidence intervals cannot be calculated
from the data reported
UK

e OP-1 (BMP-7) vs Autograft: £173 per healed fracture
(favours Autograft)

e OP-1 (BMP-7) vs Ilizarov: £626 per healed fracture
(favours Ilizarov)
Germany

e OP-1 (BMP-7) vs usual care: EURO1831 per healed

fracture (favours usual care)

Authors conclusions

The authors’ main conclusions with respect to the UK are that:

e The total cost per average patient treated with an autograft
or with the Ilizarov fixation technique are both higher than those
for patients treated with OP-1 (BMP-7).

e The difference in the total cost per average patient for
autograft lies in the increased possibility of having a
complication.

e For the Ilizarov fixation technique, the difference lies in the
higher costs of treatment in general.

e Cost effectiveness ratios of all three treatment options are
comparable.

The authors’ main conclusions with respect to Germany are that:

e The total cost per average patient treated with OP-1 (BMP-
7) are higher than those for patients treated with usual care.

o Cost-effectiveness ratio associated with usual care is
somewhat better than the cost-effectiveness ratio associated with
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OP-1 (BMP-7).

Commentary

Choice of comparator:

Although no explicit justification is provided for the comparator
used, it would appear to represent standard practice in the authors’
setting in 2005. End-users of this review should decide if the
comparator represents current practice in their own setting
Modelling:

The structure of the model, including a graphical representation,
and modelling assumptions, are in general well reported. Data
sources for resource use parameters and costs are reported in full.
However, the time horizon of the model and the data sources for
clinical evidence parameters are not reported. The authors inves-
tigate uncertainty in the model parameters using a univariate sen-
sitivity analysis. Sensitive parameters are reported, but the meth-
ods and results of the sensitivity analysis are not reported system-
atically. In particular it is unclear whether uncertainty has been
evaluated in all parameters or in only a few key parameters; what
methods or rationale have been used to determine the ranges over
which variables were tested; and whether structural uncertainty is
investigated and, if so, how different structures are tested in the
model?

Validity of estimate of costs:

The analysis of costs is performed from the perspective of a hospital
(single provider). It appears that, given the perspective adopted,
most relevant categories of costs (resource use) have been included
in the analysis

Limitations in the reporting of estimates of costs are that measures
of variance (e.g. standard errors) are not reported for mean values
Other issues:

The authors did not compare the principal findings of their study
with those from other studies

In general, the authors’ conclusions appear to follow from the data
reported

The authors do not appear to have presented their results selec-
tively, although they do not always report results from any statis-
tical tests performed

The authors discuss the limitations of the study as follows:
“Some of the limitations of this study are worth noting. The first
one is typical to decision tree models, which usually do not allow
for statistical testing of the differences between comparators. We
have tried to address this weakness by using sufficiently wide ranges
of values when doing sensitivity analysis. The second one is the
use of assumptions in the model. While these assumptions are
needed because we could not obtain some of the input data to the
model, some of the assumptions may have significant influence
to the model results. To fully assess such influences, we have done
extensive sensitivity analysis on these assumptions we considered

Bone morphogenetic protein (BMP) for fracture healing in adults (Review) 116
Copyright © 2010 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



(Continued)

influential to the results. The third limitation pertains to the use
of input data from a panel of experts. While this is considered the
best and standard means to obtain the best possible estimates in
the absence of input data, expert opinions are still subjective and
the variation could be large.”

Appendix 4. Checklists completed to inform assessments of methodological quality of economic

evaluations

Alt 2006a

Item Yes

No

N/C

N/A Extract/ comments

Study design.

L. The research question is 4/
stated.

“The purpose of the current work was to
calculate potential cost savings by the use of
thBMP-2 in open tibia fractures by faster
fracture healing, reduced revision and infec-
tion rates...in Germany”

2. The economic importance ./
of the research question is
stated.

“Open tibia fractures are still related to a
high complication rate. Posttraumatic in-
fections, delayed fracture healing and non-
unions leading to revision...have a tremen-
dous socio-economic impact... The addi-
tional use of thBMP-2 in open tibia frac-
tures is not related to additional payments
for the hospital in the recent German DRG
system. Only a limited number of hos-
pitals can achieve individual agreements
with health insurance companies for ad-
ditional payment for thBMP-2 according
to...German Hospital Reimbursement reg-
ulations. Moreover, each hospital can ap-
ply and negotiate for additional reimburse-
ment for thBMP-2 for individual cases with
health care insurance companies. Due to the
significant price of the growth factor reim-
bursement is in most cases denied by the
payers. Health economic data from the US
on the use of thBMP-2 in anterior lumbar
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spine fusion in which the growth factor can
replace autogenous bone grafting from the
iliac crest of the patient focus on the eco-
nomic impact of thBMP-2 from a hospital
perspective. In this case, the economic ben-
efit of thBMP-2 is seen in the avoidance of
costs related to the replacement of the auto-
genous bone grafting procedure with shorter
OR time and reduced OR material use.”

“...from the perspective of a public health
insurance company...”

“As the health insurance companies are the
theoretical payers for additional reimburse-
ment of thBMP-2 only costs were consid-
ered that have to be covered by health in-
surance companies. This enables a direct
comparison between the upfront price of
thBMP-2 and potential cost savings that can
be achieved by this treatment from the per-
spective of a public German health insur-
ance company.”

3. The viewpoint(s) of the anal- ./
ysis are clearly stated and jus-
tified
4. The rationale for choosing Vi

alternative programmes or
interventions compared is
stated

Although not explicitly stated, the choice of
experimental intervention and comparator
appears to reflect current standard practice
in the study setting

5. The alternatives being com- 4/
pared are clearly described.

“...local application of thBMP-2 on an
absorbable collagen sponge serving as car-
rier that was additionally applied on the
fracture site to standard intramedullary fix-
ation in open tibia shaft fractures and
soft tissue management compared to in-
tramedullary nailing and soft tissue manage-
ment alone. Two different thBMP-2 con-
centrations were tested and only the 1.5 mg/
ml concentration exhibited statistically sig-
nificant differences compared to standard of
care treatment. Therefore, only the data of
the 1.5 mg/ml group were used in the cur-
rent heath economic evaluation.”

6. The form of economic eval- Vi
uation used is stated.

The authors classify the study as a “cost-ben-
efit analysis”. However, the study is classi-
fied as a cost analysis, based on the Drum-
mond Classification (Drummond 2005)
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The choice of form of eco-
nomic evaluation is justified
in relation to the questions

addressed

See ‘Ttem 1" above. The choice of a cost anal-
ysis is justified given the objectives of the
study

Data collection.

8.

The source(s) of effectiveness
estimates used are stated.

N/A - study is a cost analysis. However, es-
timates of resource use are based on clini-
cal data relating to complications and revi-
sion procedures, sourced from a randomised
controlled trial (Govender 2002).

Details of the design and re-
sults of effectiveness study are
given (if based on a single
study)

N/A - study is a cost analysis. See item 8,
above.

10.

Details of the methods of
synthesis or meta-analysis of
estimates are given (if based
on a synthesis of a number of
effectiveness studies)

N/A. See item 8, above.

11.

The primary outcome mea-
sure(s) for the economic eval-
uation are clearly stated

N/A - study is a cost analysis.

12.

Methods to value benefits are
stated.

N/A - study is a cost analysis.

13.

Details of the subjects from
whom valuations were ob-
tained were given

N/A - study is a cost analysis.

14.

Productivity changes (if in-
cluded) are reported sepa-
rately.

“Potential savings for grade IIIB open
tibia fractures by the use of thBMP-2 are
EURO5697 (without costs for thBMP-2).
Thereof, EURO3709 (65.1%) are achieved
by avoided sickness payments due to faster
fracture healing in the thBMP-2 group with
an average fracture healing time of 228.2
days and 307.6 days in the thBMP-2 and in
the control group, respectively. The differ-
ence of 79.4 days multiplied by average daily
sickness payments of EURO46.73 leads to
the savings of EURO3709.”
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15.

The relevance of productiv- 4/

ity changes to the study ques-
tion is discussed

“In Germany public health insurers have to
provide sickness payments after sickness of
6 weeks which are covered by the employer.

»

16.

Quantities of resource use
are reported separately from
their unit costs

Only aggregated cost data are reported.

17.

Methods for the estimation
of quantities and unit costs
are described

See ‘Materials and Methods’ section of the
original paper.

18.

Currency and price data are
recorded.

“The...current study is...based on 2005
data”. Currency is recorded in Euros

(EURO) -Germany - for all values reported

19.

Details of currency of price
adjustments for
inflation or currency conver-

sion are given

N/A - no price adjustments for inflation or
currency conversion are undertaken

20.

Details of any model used are
given.

N/A - Assumptions are made and discussed,
but study does not use a formal model

21.

The choice of model used
and the key parameters on
which it is based are justified

N/A - Assumptions are made and discussed,
but study does not use a formal model

Analysis and interpretation of results

22.

Time horizon of costs and
benefits is stated.

“The time horizon of the current study is
one year...”

23.

The discount rate(s) is stated.

N/A - discounting is not discussed, but is
not appropriate since the time horizon of
the study is one year

24.

The choice of discount rate

(s) is justified.

N/A - discounting is not discussed, but is
not appropriate since the time horizon of
the study is one year

25.

An explanation is given if
costs and benefits are not dis-
counted

Discounting is not discussed, but is not ap-
propriate since the time horizon of the study
is one year

26.

Details of statistical tests and
confidence intervals are given

Average (mean) values are reported, but no
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for stochastic data

exploration of uncertainty is reported

27. The approach to sensitivity
analysis is given.

N/A - no sensitivity analysis is reported.

28. The choice of variables for
sensitivity analysis is justified

N/A - no sensitivity analysis is reported.

29. The ranges over which the N/A - no sensitivity analysis is reported.
variables are varied are justi-
fied

30. Relevant alternatives are 4/ See items 4 and 5, above.
compared.

31. Incremental analysis is re- 4/ Differences in costs between the interven-
ported. tion and control groups are reported

32. Major outcomes are pre- o/ With respect to costs only.

sented in a disaggregated as
well as aggregated form

33. The answer to the study ./

question is given.

“This work shows that net savings can be
achieved for Gustilo-Anderson grade IIIB
and all grade III open tibia fractures by the
use of thBMP-2 from the perspective Ger-
man public health insurers.”

34, Conclusions follow from the
data reported.

Although the conclusions appear to follow
from the data reported, no sensitivity anal-
ysis is reported so it is not clear how much
confidence we can have in the study conclu-
sions

35. Conclusions are accompa- ./
nied by the appropriate

Assumptions made by the authors are dis-
cussed with appropriate caveats

caveats.

Jones 2004

Item Yes Extract/ comments

Study design.

1. The research question is 4/ “We conducted an economic analysis to
stated. evaluate the impact of thBMP-2 use on two
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important financial stake-holders: the payer
and the hospital. We hypothesized that a
substantial proportion of the upfront price
of thBMP-2 would be offset by reductions
in ST and other complications that occur af-
ter the initial fracture repair.”

The economic importance /

of the research question is
stated.

“Open tibial shaft fractures result in over
130,000 hospitalizations in the United
States annually. Despite advances in surgical
techniques, tibial-shaft fracture repairs are
associated with a high rate of delayed union
or nonunion (D/NU) with costly secondary
interventions (SI) required in about 40% of
cases.”

The viewpoint(s) of the anal-
ysis are clearly stated and jus-

tified

“...we conducted an economic analysis to
evaluate the impact of thBMP-2 use on two
important financial stake-holders: the payer
and the hospital.”

The rationale for choosing
alternative programmes or
interventions compared is
stated

Although not explicitly stated, the choice of
experimental intervention and comparator
appears to reflect current standard practice
in the study setting

The alternatives being com-
pared are clearly described.

“...patients with open tibial shaft fractures
who received thBMP-2 (1.50 mg/mL) plus
intramedullary (IM) nailing (N =145) or IM
nailing alone (N =147)...”

The form of economic eval-
uation used is stated.

The form of (partial) economic evaluation
used - a cost analysis - is not explicitly stated

The choice of form of eco-
nomic evaluation is justified
in relation to the questions

addressed

See ‘Item 1" above. The choice of a cost anal-
ysis is justified given the objectives of the
study

Data collection.

The source(s) of effectiveness
estimates used are stated.

N/A - study is a cost analysis. However, es-
timates of resource use are based on clini-
cal data relating to complications and revi-
sion procedures, sourced from a randomised
controlled trial (Govender 2002).

Bone morphogenetic protein (BMP) for fracture healing in adults (Review)
Copyright © 2010 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

122



(Continued)

Details of the design and re-
sults of effectiveness study are
given (if based on a single
study)

N/A - study is a cost analysis. See item 8,
above.

10.

Details of the methods of
synthesis or meta-analysis of
estimates are given (if based
on a synthesis of a number of
effectiveness studies)

N/A. See item 8, above.

11.

The primary outcome mea-
sure(s) for the economic eval-
uation are clearly stated

N/A - study is a cost analysis.

12.

Methods to value benefits are
stated.

N/A - study is a cost analysis.

13.

Details of the subjects from
whom valuations were ob-
tained were given

N/A - study is a cost analysis.

14.

Productivity changes (if in-
cluded) are reported sepa-
rately.

N/A - study does not include productivity
changes.

15.

The relevance of productiv-
ity changes to the study ques-
tion is discussed

N/A - study does not include productivity
changes.

16.

Quantities of resource use
are reported separately from
their unit costs

Only aggregated cost data are reported.

17.

Methods for the estimation
of quantities and unit costs
are described

“An economic model was developed based
on data from clinical trials published in
peer-reviewed journals and on expert opin-
ion... Medical resources associated with the
index fracture repair and subsequent SI and
complications over a 2-year time horizon
were identified and assigned costs based on
national hospital and ambulatory data.”

18.

Currency and price data are
recorded.

“Costs are reported in 2003 U.S. dollars.”

19.

Details of currency of price
adjustments for

inflation or currency conver-

No price adjustments for inflation or cur-
rency conversion are reported. However, ad-
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sion are given

justment for inflation should have been con-
sidered as the time horizon of the analysis is
two years

20.

Details of any model used are
given.

N/A - study does not appear to use a for-
mal model. Whilst the authors state that “An
economic model was developed...”, itis not
clear what this means

21.

The choice of model used
and the key parameters on
which it is based are justified

N/A - study does not appear to use a for-
mal model. Whilst the authors state that “An
economic model was developed...”, it is not
clear what this means

Analysis and interpretation of results

22.

Time horizon of costs and
benefits is stated.

“Medical resources associated with the index
fracture repair and subsequent SI and com-
plications over a 2-year time horizon were

identified...”

22,

The discount rate(s) is stated.

Discounting is not reported or discussed.
Discounting is appropriate as the time hori-
zon of the analysis is two years

24.

The choice of discount rate

(s) is justified.

Discounting is not reported or discussed.
Discounting is appropriate as the time hori-
zon of the analysis is two years

25.

An explanation is given if
costs and benefits are not dis-
counted

Discounting is not reported or discussed.
Discounting is appropriate as the time hori-
zon of the analysis is two years

26.

Details of statistical tests and
confidence intervals are given
for stochastic data

If the study authors had access to individ-
ual-level trial data, statistical tests could have
undertaken. If only average data reported
from the trial were available, these data are
deterministic, so this item would not apply.
However, in the latter case, it is still in prin-
cipal possible to undertake sensitivity anal-
ysis based on reported information regard-
ing the distribution of data around point
estimates (e.g. using the upper and lower
bounds of a confidence interval

27

The approach to sensitivity
analysis is given.

The authors state that: “We allowed the cost
of thBMP-2 to the payer to vary to simu-
late different reimbursement policies... As-
suming payers reimburse 100% of thBMP-
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2 price; Assuming payers reimburse 50% of
thBMP-2 price; Assuming payers reimburse
0% of thBMP-2 price.” Although this is
not described as a sensitivity analysis, it ap-
pears that the authors undertake univariate
sensitivity analysis using one variable: ‘% of
rthBMP-2 price reimbursed by payers’

28.

The choice of variables for
sensitivity analysis is justified

Although the choice of variable for sensi-
tivity analysis is not discussed explicitly, it
appears that the choice of this variable (%
of thBMP-2 price reimbursed by payers) is
reasonable. However, other variables could
reasonably have been included in sensitiv-
ity analysis, such as thBMP-2 price,, rates
of secondary interventions and infections,
healing time etc

29,

The ranges over which the
variables are varied are justi-

fied

The range over which the ‘% of thBMP-2
price reimbursed by payers’ variable is varied
is not explicitly justified and appears to be
arbitrary, and may be based on potential (as
opposed to actual) reimbursement scenarios

30.

Relevant alternatives are
compared.

See items 4 and 5, above.

31.

Incremental analysis is re-
ported.

Differences in costs between the interven-
tion and control group are reported

32.

Major outcomes are pre-
sented in a disaggregated as
well as aggregated form

With respect to costs only.

33.

The answer to the study
question is given.

“From a payer’s perspective, if hospitals are
reimbursed for half the cost of thBMP-2,
then the entire hBMP-2 cost will be offset
because of fewer downstream clinical events
such as ST and infections. For hospitals, lack
of thBMP-2 reimbursement by payers re-
sults in limited cost offsets. When payers’
thBMP-2 reimbursement policies are more
generous (e.g. reimbursement 50% of the
rhBMP-2 cost), considerable cost offsets are
achieved by both payers and hospitals.”

34.

Conclusions follow from the
data reported.

Although the conclusions appear to follow
from the data reported, only a very limited
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sensitivity analysis is reported, so it is not

clear how much confidence we can have in

the study conclusions

35. Conclusions are accompa- f

nied by the appropriate

caveats.

No caveats to conclusions or limitations of

the analysis are discussed

Garrison 2007

Item Di-
men-

sion of

quality

Questions for criti- Yes

cal appraisal

Extract/ comments

Structure

S1 State-
ment of
deci-
sion
prob-
lem
/ objec-

tive

Is there a clear state- 4/

ment of the decision
problem?

There is a clear state-
ment of the decision
problem prompting
the analy-
sis, including details
of the medical con-
dition under evalua-
tion, patient groups
and treatment path-
ways

Is the objective of ./

the evaluation and
model specified and
consistent with the
stated decision prob-
lem?

The objective of the
revised model
is specified and ap-
pears to be consis-
tent with the stated
decision problem:
“...an

economic evaluation
model...[was devel-
oped] to
evaluate cost-effec-
tiveness of rhBMP-
2 in the treatment
of [acute] OTFs.
For a selected pop-
ulation, the model
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could be used to esti-
mate the number of
annual [acute] OTFs
by severity, the cost
of adding rhBMP-
2 to standard care,
secondary interven-
tions and infections
avoided and the net
budget impact of
using thBMP-2 for
[acute] OTFs.”

Is the primary de-
cision-maker speci-

fied?

Although the pri-
mary decision maker
is not explicitly spec-
ified, this
study is reported in a
UK Health Technol-
ogy Assessment re-
port prefaced by the

following text:

“The [UK] Health
Technol-

ogy Assessment pro-
gramme....produces
high quality research
information on the
costs, effectiveness
an broader impact of
health technologies
for those who use,
manage and provide
care in the [UK]
NHS”

S2

State-
ment of
scope /
per-

spective

Is the perspective
of the model stated
clearly?

Although not ex-
plicitly stated, the
analytic perspective
adopted for the re-
vised model appears
to be that of the
UK healthcare sys-
tem (UK NHS)

Are the model inputs
consistent with the
stated perspective?

See item S2, imme-
diately above.
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Has the scope of the
model been stated
and justified?

The description of
the scope of the
revised model in-
cludes statements of
the technologies in-
volved and the pop-
ulation and the set-
ting studied but does
not include an ex-
plicit statement of
the perspective of
analysis, nor an ex-
plicit statement of
the time horizon to
which the model re-
lates

Are the outcomes of ./

the model consistent
with the perspective,
scope and overall ob-
jective of the model?

It appears that, over-
all, the outcomes of
the revised model are
consistent with the
analytic perspective
adopted and its over-
all objective

S3

Ratio-
nale for
struc-
ture

Is the structure of ./

the model consis-
tent with a coher-
ent theory of the
health condition un-
der evaluation?

It appears that the
structure of the re-
vised model is con-
sistent with a co-
herent theory of the
health condition un-
der evaluation

Are the sources of
data used to develop
the structure of the

model specified?

Sources

of data and expertise
used to develop the
revised model struc-
ture are not explic-
itly described

Are the causal rela-
tionships described
by the model struc-
ture justified appro-
priately?

Whilst

no explicit justifica-
tions are provided
for the causal rela-
tionships  described
by the revised model
structure, there is
no evidence to con-
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traindicate the mod-
elled relationships.
The model appears
to have good (clini-
cal) face validity

S4 Struc-
tural as-
sump-
tions

Are the structural as-
sumptions transpar-
ent and justified?

Structural assump-
tions underlying the
revised model ap-
pear transparent and

justified

Are the structural
assumptions reason-
able given the over-
all objective, per-
spective and scope of
the model?

As-

sumed relationships
between parameters
appear to be realistic
and logical, and to
reflect available data
and routine medical
practice in the UK

S5 Strate-
gies
/ com-
para-
tors

Is there a clear defi-
nition of the options
under evaluation?

rhBMP-2 as an ad-
junct to IM with
routine  soft-tissue
management, versus
the current standard
surgical treatment of
acute open
tibial shaft fractures:
use of IM with rou-
tine soft tissue man-
agement alone

Have all feasible and
practical options
been evaluated?

It is in principal fea-
sible to include other
available BMP prod-
ucts as treatment op-
tions, but is not
clear from the study
report whether this
was possible in prac-
tice

Is there justification
for the exclusion of
feasible options?

See S5, immediately
above.

S6 Model
type

Is the chosen model
type appro-

It
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priate given the de-
cision problem and
specified causal rela-
tionships within the
model?

is debatable whether
a time dependent
model structure may
capture differential
utility gain more ac-
curately than the de-
cision tree structure
used

S7

Time

horizon

Is the time hori-
zon of the model
sufficient to reflect
all important differ-
ences between op-
tions?

The time horizon of
the revised model is
not explicitly stated.
However the clin-
ical end point of
the model is fracture
union, which typi-
cally occurs within a
time period of less
than one year. The
likely time horizon
of the model is there-
fore likely to be suf-
ficient to encapsu-
late all major clinical
and economic out-
comes, and to re-
flect important clin-
ical and economic
differences between
treatment options

Are the time horizon
of the model, the du-
ration of treatment
and the duration of
treatment effect de-
scribed and justified?

The time horizon of
the model, the du-
ration of treatment
and the duration of
treatment effect are
not described specif-
ically or justified

S8

Disease
states /
path-

ways

Do the disease states
(state

transition model) or
the pathways (deci-
sion tree model) re-
flect the underlying
biological process of
the disease in ques-
tion and the impact

of interventions?

Treatment pathways
appear to reflect the
underlying bi-
ological processes of
the medical condi-
tion and the impact
of interventions
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S9 Cycle Is the cycle length N/A - model is not
length  defined and justified a discrete time state
in terms of the natu- transition model.
ral history of disease?
Data
D1 Data Are the data identifi- Methods for identi-
identi-  ca- fying data used to
fication tion methods trans- populate the revised

parent and appropri-
ate given the objec-
tives of the model?

model are described
in full and appear ap-
propriate

given the objectives
of the model. Al-
though clinical out-
comes and resource
utilisation data (e.g.
complications,
secondary interven-
tions) are sourced
from a randomised
con-

trolled trial whose
samples are drawn
from populations lo-
cated outside the ju-
risdiction of inter-
est, this trial incor-
porates direct com-
parison

between comparator
therapies and mea-
sures final outcomes
of interest, and is
likely to represent
the best relevant sin-
gle study source for
these data that was
available when the
study was conducted

Where choices have
been made between
data sources,
are these justified ap-
propriately?

See pages 51-52 of
the original study.
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Has particular at-
tention been paid
to identifying data
for the important
parameters in the
model?

The results of the re-
vised model are par-
ticularly sensitive to
the price of thBMP-
2.

However, the source
of this item of data
is a personal com-
munication with the
product man-
ufacturer. Although
it is not clear from
the information re-
ported whether or
not this constitutes
a reasonable level
of attention paid to
identifying this item
of data, the impact
of varying the price
of thBMP-2 on re-
sults is investigated
using a sensitivity
analysis

Has the
quality of the data
been assessed appro-
priately?

There appears to be
adequate discussion
of the quality and
limitations of most
types of data used in

the revised model

Where expert opin-
ion has been used,
are the methods de-

N/A - no expert
opinion is used to in-
form ranges of val-

scribed and justified? ues of parameters in-
cluded in the revised
model
D2 Data Is the data modelling Data mod-
mod- methodology based elling methodology
elling  on justifiable statis- appears to be based
tical and epidemio- on justifiable statis-
logical techniques? tical and epidemio-
logical techniques
D2a Base- Is the choice of base- Base-
line line data described line probabilities re-
data and justified?
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late to the control
group of the BESTT
trial (Govender
2002), applied to the
UK population. No
justi-

fication is presented
and there is no avail-
able evidence to sug-
gest whether or not
the baseline proba-
bilities used are ap-
plicable to the UK

population

Are transition prob-
abilities  calculated

v

Transition probabil-
ities appear to have

appropriately? been calculated ap-
propriately
Has a half-cycle cor- N/A - model is not

rection been applied
to both cost and out-

come?

a discrete time state
transition model.

If not, has this omis-
sion been justified?

N/A - model is not
a discrete time state
transition model.

D2b

Treat-
ment
effects

If relative treatment
effects have been de-
rived from trial data,
have they been syn-
the-

sised using appropri-
ate techniques?

N/A - relative treat-
ment

effects are based on
data derived from a
single study

Have the methods
and assump-
tions used to extrap-
olate short-term re-
sults to final out-
comes been docu-
mented and justi-

fied?

N/A - study does
not include extrapo-
lation of short-term
results to final out-
comes

Have alternative as-
sumptions used
to extrapolate short-

N/A - study does
not include extrapo-
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term results to final
outcomes been ex-
plored through sen-
sitivity analysis?

lation of short-term
results to final out-
comes

Have

assumptions regard-
ing the continuing
effect of treatment
once treatment is
complete been doc-
umented and justi-

fied?

N/A - study does
not make assump-
tions re-
garding the contin-
uing effect of treat-
ment once treatment
is complete

Have alternative as-
sumptions regarding
the continuing effect
of treatment once
treatment is com-
plete been explored
through sensitivity
analysis?

N/A - study does
not make assump-
tions re-
garding the contin-
uing effect of treat-
ment once treatment
is complete

D2c

Costs

Are the costs in-
corporated into the
model justified?

All unit cost data in-
corporated into the
revised model ap-
pear to be sourced
from the most recent
available  national
published cost calcu-
lations, based on re-
liable administrative
databases for the ju-
risdiction of inter-
est. Costing meth-
ods appear to accord
with guidelines for
costing within eco-

nomic evaluation

Has the source for
all costs been de-
scribed?

Sources of all unit
cost data are de-

scribed in full.

Have dis-
count rates been de-
scribed and justified
given the target deci-
sion-maker?

N/A - discounting
is not appropriate
given the likely time
horizon of the re-
vised model
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D2d

Quality Are the utilities in-

of life corporated into the

weights
(utili-
ties)

model appropriate?

The study includes
detailed discussion
of limitations of util-
ity values incorpo-
rated into the revised
model; namely the
questionable gener-
alisability of utility
values derived from
studies of hip frac-
ture in older women
and vertebral osteo-
porotic fracture are
gen-

eralisable to patients
with acute open tib-
ial fractures

Is the source for the
utility weights refer-
enced?

See pages 51-52 of
the original study.

Are the methods of ./

derivation for the
utility weights justi-

fied?

Justifica-

tion is provided for
the methods of util-
ity weights incorpo-
rated into the revised
model:

“Since the disutil-
ity values might be
much overestimated
in the original ABA-
CUS

model but there is no
alternative objective
data, we arbitrarily
assumed the values
to be 30% smaller.”

Given the limita-
tions of sources of
utility values incor-
po-

rated into the orig-
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inal model, and the
lack of alternative
objective data, the
strategy adopted for
the revised model,
which  (arbitrarily)
assumes utility val-
ues to be 30% lower
than those used in
the original model,
appears reasonable,
albeit arbitrary

D3

Data
incor-
pora-
tion

Have all data incor-
po-

rated into the model
been described and
referenced in suffi-
cient detail?

See pages 48-52 of
the original study.

Has the use of mu-
tually inconsis-
tent data been justi-
fied (i.e. are assump-
tions and choices ap-
propriate)?

N/

A - the model does
not appear to incor-
porate any mutually
inconsistent data

Is the process of data  /

incorporation trans-
parent?

Data have been in-
corporated into the
model as distribu-
tions to inform a
probabilistic analy-
sis. The process of
data incorporation is

described in full:

“Uncertainty  and
probabilistic simula-
tion: A range of val-
ues for important in-
put parameters were
estimated for prob-
abilistic simulations
by

the [original] model.
The model parame-
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ters that were ran-
domly investigated
in-

cluded severity dis-
tribution of OTFs,
infection rate, sec-
ondary intervention
rates/types, time to
fracture union, disu-
tility values and unit
costs of interven-
tions and clinical
outcomes. In prob-
abilistic simulations,
the range (95% Cls)
of input parameters
are 50% smaller or
greater than
the point estimates.
Then input values
were randomly sam-
pled from a gamma
or beta distribution
to obtain random es-
timates for cost-ef-
fective-

ness outcomes. The
random simulations
were repeated many
times to generate a
large number of ran-
dom estimates, and
the simulation re-
sults were used to
calculate average es-
timates and corre-
sponding ClIs. For
estimating the in-
cremental cost-effec-
tiveness ratio
(ICER), a cost-effec-
tiveness acceptabil-
ity curve (CEAC)
can be created using
the results of simula-

. »
tions.

If data have been
incorporated as dis-

The choice of distri-

bution for each pa-
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tributions, has the
choice of distribu-
tion for each param-
eter been described
and justified?

rameter is not de-
scribed in full. The
authors state only
that:

“...in-

put values were ran-
domly sampled from
a gamma or beta
distribution to ob-
tain random esti-
mates for cost-effec-
tiveness outcomes.”

If data have been in-
corporated as distri-
butions, is it clear
that second order
uncertainty is re-

flected?

See item D3, imme-
diately above.

D4 Assess-  Have the four prin- -
ment of cipal types of un-
uncer-  certainty (D4a -
tainty  D4d below) been

addressed?

If not, has the omis- The authors do not
sion of particular discuss these omis-
forms of uncertainty sions.

been justified?

D4a Have methodologi- Methodological un-
Method- cal uncertain- certainty is not ad-
ological ties been addressed dressed within this

by running alterna- study
tive versions of the

model with differ-

ent methodological

assumptions?

D4b Struc-  Isthereevidence that Struc-

tural structural uncertain- tural uncertainty is
ties have been ad- not addressed within
dressed via sensitiv- this study.
ity analysis?

D4c Hetero- Has heterogeneity Het-
geneity been dealt with by erogeneity between
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running the model
separately for differ-
ent subgroups?

patient subgroups is
addressed by run-
ning the model sep-
arately for patients
with different grades
of fracture severity

D4d

Param-
eter

Are the methods of ./

assessment of pa-
rameter uncertainty
appropriate?

“Parame-

ter uncertainty is ad-
dressed using prob-
abilistic simulations.
The model parame-
ters investigated in-
clude severity distri-
bu-

tion of acute OTFs,
infection rate, sec-
ondary intervention
rates/types, time to
fracture union, disu-
tility values
and unit costs of in-
terventions and clin-
ical outcomes. The
range (95% CIs) of
input parameters are
50% smaller
or greater than the
point estimates. In-
put values are ran-
domly sampled from
a gamma or beta
distribution to ob-
tain random esti-
mates for cost-effec-
tiveness outcomes.
The random simu-
lations are repeated
10,000 times to gen-
erate a large num-
ber of random esti-
mates, and the sim-
ulation results are
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used to calculate av-
erage estimates and
corresponding Cls.”
In addition, a fur-
ther sensitivity anal-
ysis was conducted
whereby two addi-
tional iterations of
the model (10,000
simulations)  were
run with the price
of thBMP-2 reduced
by 20% and 40% re-
spectively

If data are incorpo- 4/

rated as point esti-
mates, are the ranges
used for sensitiv-
ity analysis stated

See D4d, immedi-
ately above.

clearly and justified?
Consistency
C1 Inter-  Isthereevidence that It is
nalcon- the mathematical notclear whether the
sistency logic of the model mathematical logic
has been tested thor- of the revised model
oughly before use? has been tested thor-
oughly before use
C2 Exter-  Are any counterin- N/A - there do not
nal con- tuitive results from appear to be any
sistency the model explained counterintuitive re-

and justified?

sults

If  the model
has been calibrated
against independent
data, have any differ-
ences been explained

and justified?

N/A - the revised
model is not cali-
brated against inde-
pendent data

Have the results of ./

the

model been com-
pared with those of
previous models and

The principal re-
sults of the revised
model are compared
with the results of
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any differences in re-
sults explained?

the original ABA-
CUS model. Differ-
ences in
results are explained
by changes in in-
put values for indi-
vidual parameters (e.
g. UK population,
unit costs) and dif-
ferences in assump-
tions used in the re-
vised model (in gen-
eral, more conser-
vative assumptions
were used)

van Engen 2003

Item Di-
men-

sion of

quality

Questions for criti- Yes

cal appraisal

Extract/ comments

Structure

S1 State-
ment of
deci-
sion
prob-
lem
/ objec-

tive

Is there a clear state- /

ment of the decision
problem?

There is a clear state-
ment of the decision
problem prompting
the analy-
sis, including details
of the medical con-
dition under evalu-
ation, patient group
and treatment path-
ways

Is the objective of ./

the evaluation and
model specified and
consistent with the
stated decision prob-
lem?

The objective of the
model is specified
and appears to be
consistent with the
stated decision prob-
lem:

“...to

assess. ..the total cost
of care and cost-ef-
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fectiveness...of Osi-
graft® [versus] com-
parators (auto-
graft or the Ilizarov
fixation technique in
the UK, and fixa-
tion with a nail or
plate with, when ap-
propriate, an auto-
graft in Germany)
...for the treatment
of tibial non-union
[fractures]”

Is the primary de-
cision-maker speci-

fied?

The primary deci-
sion-maker is not

specified.

S2

State-
ment of
scope /

per-

spective

Is the perspective
of the model stated
clearly?

“A cost-effectiveness
analysis based on de-
cision-

analytic [modelling]
techniques was con-
ducted from a hospi-
tal perspective...”

Are the model inputs
consistent with the
stated perspective?

Model inputs appear
consistent with the
stated perspective.

Has the scope of the
model been stated
and justified?

The description of
the scope of the
model includes ex-
plicit statements of
the perspective of
analysis, the tech-
nologies  involved
and the population
and setting studied,
but does not include
an explicit statement
of the time horizon
to which the model
relates

Are the outcomes of ./

the model consistent
with the perspective,
scope and overall ob-

It appears that over-
all, the outcomes of
the model are consis-
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jective of the model?

tent with
the analytic perspec-
tive adopted and the
overall objectives of
the model

S3 Ratio-
nale for
struc-
ture

Is the structure of
the model consis-
tent with a coher-
ent theory of the
health condition un-
der evaluation?

The structure of the
model appears to be
consistent with a co-
herent theory of the
health condition un-
der evaluation

Are the sources of
data used to develop
the structure of the
model specified?

The structure of the
model is based on ex-
pert opinion:

“The decision
tree was built based
on clinical decisions
that could take place
in each situation ac-
cording to our panel
of 7 orthopaedic sur-
geons in each coun-
try [UK and Ger-

many]”

Are the causal rela-
tionships described
by the model struc-
ture justified appro-
priately?

Whilst

no explicit justifica-
tions are provided
for the causal rela-
tionships  described
by the model struc-
ture, there is no evi-
dence to contraindi-
cate the modelled re-
lationships and the
model appears to
have good (clinical)
face validity, based

on expert opinion

S4 Struc-
tural as-
sump-
tions

Are the structural as-  /

sumptions transpar-
ent and justified?

Structural assump-
tions underlying the
revised model ap-
pear transparent and

justified
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Are the structural ./
assumptions reason-
able given the over-
all objective, per-
spective and scope of

As-

sumed relationships
between parameters
appear to be realistic
and logical, and to

the model? reflect routine med-
ical practice in the
UK and Germany
S5 Strate-  Is there a clear defi- |/ “[The exper-
gies nition of the options imental intervention

/ com- under evaluation?
para-
tors

is a]...bone growth
stimulator
osteogenic protein 1
(Osigraft®) - a hu-
man morphogenic
protein that initi-
ates bone formation
through the induc-
tion of cellular dif-
ferentiation in mes-
enchymal cells, [for
the treatment of tib-
ial non-union frac-
tures]. Currently, the
published standard
therapies for tibial
non-unions include
the use of autograft
bone...to fill the gap
of the non-union
combined with plat-
ing, nailing or ex-
ternal fixation, or
Ilizarov-based fixa-
tion techniques.”

Have all feasible and
practical  options
been evaluated?

It is in principal fea-
sible to include other
available BMP prod-
ucts as treatment op-
tions, but is not
clear from the study
report whether this
was possible in prac-
tice
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Is there justification
for the exclusion of
feasible options?

See S5, immediately
above.

S6

Model
type

Is the chosen model
type appro-
priate given the de-
cision problem and
specified causal rela-
tionships within the
model?

It is  debatable
whether an alterna-
tive Markov model
structure could have
been

considered for use in
preference to the de-
cision tree model to
enable modelling of
cost-effective-

ness over more than
one treatment round
(cycle)

S7

Time

horizon

Is the time hori-
zon of the model
sufficient to reflect
all important differ-
ences between op-
tions?

The time horizon of
the model is not ex-
plicitly stated. How-
ever the authors state
that: “The
model...covers one
treatment period for
the tib-
ial non-union, with
‘non healing’ as the
end point for those
patients whose non-
union did not heal
after one round of
treatment.”

Are the time horizon
of the model, the du-
ration of treatment
and the duration of
treatment effect de-

scribed and justified?

The time horizon of
the model, the du-
ration of treatment
and the duration of
treatment effect are
not described specif-
ically or justified

S8

Disease
states /
path-

ways

Do the disease states
(state

transition model) or
the pathways (deci-
sion tree model) re-
flect the underlying
biological process of

Clinical event path-
ways appear to re-
flect the underlying
biological processes
of the medical con-
dition and the im-
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the disease in ques-
tion and the impact

pact of interventions

of interventions?
S9 Cycle  Is the cycle length N/A - model is not
length  defined and justified a discrete time state
in terms of the natu- transition model.
ral history of disease?
Data
D1 Data Are the data identifi- The authors state
identi-  ca- that: “Data on effi-
fication tion methods trans- cacy were obtained

parent and appropri-
ate given the objec-
tives of the model?

from clinical trials
and literature”. It
is therefore unclear
whether the data
identified are appro-
priate given the ob-
jectives of the model

Data on resource
utilisation was based
on expert opinion.
Methods

used to elicit expert
opinion (a modified
Delphi method) and
the composition of
expert panels (7 or-
thopaedic surgeons
in each country - UK
and Germany) are

described briefly

Methods for identi-
fying cost data are
described in full and
appear appropriate
given the objectives

of the model

Where choices have
been made between
data sources,
are these justified ap-
propriately?

It is not clear
whether or not any
choices have been
made between alter-
native data sources

Bone morphogenetic protein (BMP) for fracture healing in adults (Review)
Copyright © 2010 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

146



(Continued)

Has particular at-
tention been paid
to identifying data
for the important
parameters in the

It is not
clear whether partic-
ular attention been
paid to identifying
data for the impor-

model? tant parameters in
the model
Has the There is no evalu-

quality of the data
been assessed appro-
priately?

ative description of
the quality of data
identified for use in
the model. However,
whilst the quality of
cost

data appears high
(a mix of cost cal-
culations based on
reliable administra-
tive databases or data
sources conducted
for the specific study
and recently pub-
lished (national) cost
calcu-

lations based on reli-
able databases; both
for the jurisdictions
of interest), the qual-
ity of clinical out-
comes (effects) data
is not clear due to
poor quality report-
ing. The quality of
resource utilisation
data based on expert
opinion is gener-
ally considered low,
compared to other
potential sources to
inform resource use
parameters

Where expert opin-
ion has been used,
are the methods de-
scribed and justified?

Methods

used to elicit expert
opinion (a modified
Delphi method) and

the composition of
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expert panels (7 or-
thopaedic surgeons
in each country -
UK and Germany)
are described, but are
not justified explic-

itly by the authors
D2 Data Is the data modelling Data mod-
mod- methodology based elling methodology
elling on justifiable statis- is not described in
tical and epidemio- sufficient detail to al-
logical techniques? low judgement
D2a Base- Is the choice of base- Choice of baseline
line line data described data is not described
data and justified? or justified.
Are transition prob- Methods used to cal-
abilities  calculated culate transition
appropriately? probabilities are not
described
Has a half-cycle cor- N/A - model is not
rection been applied a discrete time state
to both cost and out- transition model.
come?
If not, has this omis- N/A - model is not
sion been justified? a discrete time state
transition model.
D2b Treat- If relative treatment The source(s) of data
ment effects have been de- on which estimates
effects  rived from trial data, of relative treatment

have they been syn-
the-

sised using appropri-
ate techniques?

effect are based (nor
synthesis methods, if
used) are not ade-
quately described to
allow judgement

Have the methods
and assump-
tions used to extrap-
olate short-term re-
sults to final out-
comes been docu-
mented and justi-

fied?

N/A - study does
not include extrapo-
lation of short-term
results to final out-
comes
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Have alternative as-
sumptions used
to extrapolate short-
term results to final
outcomes been ex-
plored through sen-
sitivity analysis?

N/A - study does
not include extrapo-
lation of short-term
results to final out-
comes

Have

assumptions regard-
ing the continuing
effect of treatment
once treatment is
complete been doc-
umented and justi-

fied?

N/A - study does
not make assump-
tions re-
garding the contin-
uing effect of treat-
ment once treatment
is complete

Have alternative as-
sumptions regarding
the continuing effect
of treatment once
treatment is com-
plete been explored
through sensitivity
analysis?

N/A - study does
not make assump-
tions re-
garding the contin-
uing effect of treat-
ment once treatment
is complete

D2c

Costs

Are the costs in-
corporated into the
model justified?

Opverall,

costing methods ap-
pear to accord with
guidelines for cost-
ing within economic
evaluation

Has the source for
all costs been de-
scribed?

Sources of all unit
cost data are de-

scribed in full.

Have dis-
count rates been de-
scribed and justified
given the target deci-
sion-maker?

N/A - discounting
is not appropriate
given the likely time
horizon of the model

D2d

Quality
of life

weights
(utili-
ties)

Are the udilities in-
corporated into the
model appropriate?

N/A - study is clas-
sified as a cost-effec-
tiveness analysis and
does not incorporate
utilities data
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Is the source for the
utility weights refer-
enced?

N/A - study is clas-
sified as a cost-effec-
tiveness analysis and
does not incorporate
utilities data

Are the methods of
derivation for the
utility weights justi-
fied?

N/A - study is clas-
sified as a cost-effec-
tiveness analysis and
does not incorporate
utilities data

D3

Data
incor-
pora-
tion

Have all data incor-
po-

rated into the model
been described and
referenced in suffi-
cient detail?

Data on clinical out-
comes (effects) are
not described or ref-
erenced. The au-
thors state only that:
“Data on efficacy
were obtained from
clinical trials and lit-
erature”

Has the use of mu-
tually inconsis-
tent data been justi-
fied (i.e. are assump-
tions and choices ap-
propriate)?

Data on clinical out-
comes (effects) are
not described or ref-
erenced. The au-
thors state only that:
“Data on efficacy
were obtained from
clinical trials and lit-
erature”

Is the process of data
incorporation trans-
parent?

Whilst

it appears that data
has been incorpo-
rated into the model
as point estimates,
it is not clear how
this process is under-
taken

If data have been
incorporated as dis-
tributions, has the
choice of distribu-
tion for each param-
eter been described
and justified?

N/A - It appears no
data have been in-
corporated into the
model as distribu-
tions
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If data have been in-
corporated as distri-
butions, is it clear
that second order
uncertainty is re-

flected?

N/A - It appears no
data have been in-
corporated into the
model as distribu-
tions

D4 Assess-  Have the four prin- -
ment of cipal types of un-
uncer-  certainty (D4a -
tainty ~ D4d below) been
addressed?
If not, has the omis- The omission of par-
sion of particular ticular forms of un-
forms of uncertainty certainty is not justi-
been justified? fied by the authors
D4a Have methodologi- Although discussed,
Method- cal uncertain- method-
ological ties been addressed ological uncertainty
by running alterna- does not appear to
tive versions of the have been addressed
model with differ- by running alterna-
ent methodological tive versions of the
assumptions? model with differ-
ent methodological
assumptions
D4b Struc-  Isthereevidence that Structural  uncer-
tural structural uncertain- tainty does not ap-
ties have been ad- pear to have been ad-
dressed via sensitiv- dressed within this
ity analysis? study
D4c Hetero- Has  heterogeneity Although the model
geneity been dealt with by is run separately for

running the model
separately for differ-
ent subgroups?

UK

and German pop-
ulations, the study
does not address po-
tential heterogeneity
amongst subgroups
of patients with dif-
ferent grades of
severity of fractures
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D4d

Param-
eter

Are the methods of
assessment of pa-
rameter uncertainty
appropriate?

Methods used to as-
sess pa-
rameter uncertainty
are not sufficiently
well-described to al-
low judgement. The
authors state that:

“To test the stabil-
ity of the model’s re-
sults, sensitiv-
ity analyses were per-
formed. These sen-
sitivity analyses were
based on the mod-
ification of the ba-
sic clinical and eco-
nomic assumptions
in the clinical out-
come model in or-
der to test the sta-
bility of the conclu-
sions of the analy-
sis over a range of
assumptions, proba-
bility estimates and
value judgements. If
the preferred strat-
egy remained stable
over the entire range
of plausible values
for a given parame-
ter, then the model
is insensitive to val-
ues within the range
of that parameter.”

If data are incorpo-
rated as point esti-
mates, are the ranges
used for sensitiv-
ity analysis stated
clearly and justified?

See item D4d, im-
mediately above.

Consistency

C1

Inter-
nal con-
sistency

Is there evidence that
the  mathematical

logic of the model

There is no evidence
that the mathemati-
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has been tested thor-
oughly before use?

cal

logic of the model
has been tested thor-
oughly before use

C2

Exter-
nal con-
sistency

Are any counterin-
tuitive results from
the model explained
and justified?

N/A - there do not
appear to be any
counterintuitive re-
sults

If  the model
has been calibrated
against independent
data, have any differ-
ences been explained

and justified?

N/A - the revised
model is not cali-
brated against inde-
pendent data

Have the results of
the

model been com-
pared with those of
previous models and
any differences in re-
sults explained?

Whilst the results of
the

model are not com-
pared with those of
previous models, the
authors state that:
“No studies compar-
ing both clinical out-
comes and costs of
the different treat-
ment options for tib-
ial non-unions have
been performed to
date.” It is there-
fore likely that there
were (are) no results
of previous models
available with which
to compare the re-
sults of this model
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